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Abstract

:

Current work describes green synthesis of Fe, Mn (monometallic) and Fe-Mn (bimetallic) nanoparticles using Cannabis sativa leaf extract as stabilizing and capping agent. In order to assess the formation of nanoparticles UV/Vis and FTIR analysis was carried out. In addition, Scanning electron microscopy and XRD studies confirmed synthesis as well as morphology of the nanoparticles. All the nanoparticles were found having particle size 20–80 nm and crystallite 3–20 nm. Photocatalytic activity of synthesized nanoparticles has been evaluated by carrying out degradation of two dyes methyl orange (MO) and Congo red (CR) in the presence of nanocatalysts. Degradation of both the dyes was carried out separately using Fe, Mn and Fe-Mn nanoparticles to compare the efficiency of monometallic with bimetallic nanoparticles. Iron and manganese monometallic particles have completely degraded MO in 18 min and 20 min and CR in 24 min and 18 min respectively. However, due to increased synergistic effect Fe-Mn BNPs completely degraded MO dye in just 12 min and CR in 14 min. In nutshell, this work is actually a step towards the synthesis of bimetallic nanoparticles using a plant extract with improved synergistic photocatalytic activities which impart various properties to the designed nanomaterial.
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1. Introduction


Industrial effluents having toxic pollutants are being released in the environment at massive level for the last several decades. These pollutants are causing severe damage to our environment and causing serious health issues [1,2]. Exposure of these pollutants may cause skin damage, vomiting, jaundice, tissue narcosis and quadriplegia like diseases in human beings. Among many other industries, dye based industries have been reported contributing about 10–15% of the total effluent discharged by different industries. The amount of different dyes released by these industries causes hindrance in development of aquatic species as it reflects or absorb sunlight radiation [3]. Degradation of dyes into less toxic substances cannot be done with the help of conventional dye removal methods like flocculation, coagulation, membrane filtration and adsorption. Conversion of the dyes to non-toxic counterparts is difficult due their high stability and complex structures [4]. In order to achieve dye degradation in an easy way, researchers are using green synthesized metal nanoparticles (NPs) as catalyst. Green synthesis approach of synthesizing NPs involves no use of toxic solvents and chemicals to avoid environmental pollution and unwanted byproducts [5].



Nanomaterials have gained attention for their applications in drug delivery, photocatalytic bioremediation [6,7], drug delivery [8,9], imaging [10,11], gene delivery [12] and electronic applications [13,14]. Scientists initially focused synthesis of monometallic NPs and their applications and nowadays bimetallic/ trimetallic NPs synthesis is being focused due to their enhanced synergistic effects in various applications [15,16]. Osama Eljamal and his coworkers enhanced the yield of biogas employing iron-copper bimetallic nanoparticles (BmNPs) [17]. Nanoparticles of noble metals are among most demanded catalysts owing to their viable use in industrial sector. Bimetallic NPs have far more interesting and useful optical, magnetic catalytic and medical properties; this enhancement of properties is due to the synergistic effect of monometallic that combines to form Bimetallic [18,19]. Iron oxide among all the metals have unique chemical and physical properties [20].



Cannabis sativa belongs to cannabaceae family, distributed worldwide with great medicinal properties and commonly known as a factory of secondary metabolites including phenolics, lignins and alkaloids. Terpenes are important or vital class of compounds present in C. sativa and the characteristic odour of the crop belong to terpenes. C. sativa plants with height 1-5 m are available whole year, depending upon its genetic and environmental factors. Availability of the plant throughout the year is a great attraction for the scientists to explore its benefits. Keeping in view all the features associated with the plant, Fe, Mn and Fe-Mn NPs have been synthesized using its extract [18,19]. Authors have reported green synthesis of Au [21], Ag [22] and ZnO NPs using Cannabis sativa plant extract.



Keeping in view the importance of Fe NPs [23] and Mn NPs [24], authors planned current research work in continuation to our previous studies describing green synthesis of bimetallic NPs [25,26]. In this work, for the first time NPs of Fe, Mn and Fe-Mn (bimetallic) has been synthesized by green synthesis approach using C. sativa leaves extract as capping or stabilizing agent. In addition to complete characterization, the synthesized NPs were tested for their dye degradation potential. For the purpose, photocatalytic degradation of Methyl orange (MO) and Congo red (CR) has been carried out. Monometallic NPs (Fe and Mn) and bimetallic NPs (Fe-Mn) were compared in terms of their photocatalytic degradation potential to uncover the synergistic association of two metals in nanomaterials.




2. Materials and Methods


2.1. Chemicals and Reagents


The metal salts, solvents and all other chemicals used for this research were of analytical grade and thermally stable. Ferric chloride FeCl3 (99.98%), Manganese chloride MnCl2 (99.99%) were Purchased from Sigma Aldrich Germany. Methyl orange (99%) and Congo red dye (99%) acquired from Fischer Scientific UK.




2.2. Preparation of Plant Extract


Leaves of Cannabis sativa plant were obtained from different areas of Lahore, Punjab, Pakistan. These leaves were processed through preliminary steps of washing and drying under shade. In order to achieve constant weight of the sample, drying was carried out using hot oven at 60 °C for 3 h To prepare a laboratory sample leaves were then cut and ground to powder. Extract of C. sativa leaves was prepared in methanol and is stirred in orbital shaker for 3 h at 150 rpm. Drying of filtrate was done by rotary evaporator at −4 °C and stored prior further use [27].




2.3. Synthesis of Monometallic (Fe and Mn) Nanoparticles


Iron chloride and Manganese chloride salts were used for the synthesis of Monometallic Fe and Mn NPs. Both the metal salt (Fe and Mn) solutions were taken as precursor to metal nanoparticle synthesis. Solutions of both the salts (0.1 M, 10 mL) were prepared and 5 mL of C. sativa leaf extract was added to each salt solution. Sodium hydroxide solution (0.1 N) was added to maintain the pH at 8-9. Appearance of slight turbidity and color change indicated the synthesis of NPs. Both the solutions were separately centrifuged and dried at 70 °C for 3 h. The dried material thus obtained is stored for characterization [28,29].




2.4. Synthesis of Bimetallic (Fe-Mn) Nanoparticles


Bimetallic (Fe-Mn) nanoparticles were synthesized by using a salt solution prepared by mixing FeCl3 and MnCl3. The extract solution was diluted using methanol solvent to achieve 200 ppm concentration. Bimetallic nanoparticles were synthesized by mixing the salt solution (0.1 M, 25 mL) and C. sativa extract solution (200 ppm, 10 mL). Sodium hydroxide solution (0.1 N) was added to maintain the pH at 8–9. Change in solution color indicated the formation of BmNPs, which were then recovered by centrifugation and dried at 65 °C for 2 h [25,26].




2.5. Characterization of Nanoparticles


Synthesis of the NPs was confirmed by UV-visible spectrophotometric analysis performed using CECIL-7400ce UV-VIS-spectrophotometer, FTIR analysis by an IR prestige 21 Shimadzu, Kyoto, Japan. Crystallinity index was confirmed by using X-ray diffractometer (Bruker X-ray diffractometer, Coventry, UK), equipped with a scintillation counter using Cu Kα radiation (k = 1.5405 Å, nickel filter. SEM micrographs were obtained by Nova SEM recorded at 3 different resolutions.




2.6. Photocatalytic Degradation of Selected Dyes


Photocatalytic potential of Fe-Mn BmNPs was evaluated employing an already reported method. According to this method, methyl orange (0.076 mM) and Congo red (0.063 mM) solutions were prepared. In 10 mL solution of dye, 3mL solution of Fe NPs (100 ppm) was added followed by exposure to UV radiations (365 nm). Spectra of the resulting mixture were recorded using spectrophotometer. In the same way, photocatalytic potential of Mn and Fe-Mn NPs was evaluated against both the selected dyes [30,31].





3. Results and Discussion


Nanoparticles of Fe, Mn and Fe-Mn were synthesized via green route using C. sativa extract. In synthesis reaction, metal ions in salt solutions were allowed to react with phytochemical present in the extract. Metal ions from their respective salts were used as precursor to nanoparticles. Phytochemicals contributed in reducing and stabilizing the metal atoms for the formation of nanoparticles. Synthesized nanoparticles were characterized employing different analytical techniques including UV-visible, FTIR, SEM and XRD. Catalytic potential of monometallic (Fe and Mn) and bimetallic (Fe-Mn) NPs was compared in term of their dye degradation potential.



3.1. UV-Vis Characterization of Nanoparticles


The analysis of the synthesized NPs was done using UV-visible spectrophotometer (Figure 1) and absorbance was observed ultraviolet region [26]. Literature studies show that the absorbance of Fe-NPs has been reported in the range of 280–350 nm. In current work the spectra exhibited maximum absorbance peak at 300 nm that confirmed the formation of Fe-NPs by using C. sativa leaves extract [32,33]. UV-visible spectroscopic analysis of Mn-NPs was also performed and peak appeared (Figure 1) in the spectrum at 370 nm. According to the literature, absorbance range for Mn-NPs is 360–417 nm which supports the results of current study and formation of Mn-NPs [34]. Preliminary analysis of the Fe-Mn BmNPs carried out using UV-vis spectrophotometer confirmed the formation of NPs synthesized using C. sativa leaves extract. Representative peaks of Fe and Mn NPs can be seen in the spectrum of Fe-Mn BmNPs which confirmed the formation of BmNPs.




3.2. FTIR Analysis of Nanoparticles


Analysis of synthesized NPs was carried out employing FTIR spectroscopic technique and presented in Figure 2. In Figure 2a, a dip around 3266.57 cm−1 appeared due to the presence of C-H group stretching in tetrahydrocannabinol and hydroxyl (O-H) and oxygen group stretching of cannabidiol obtained from C. sativa leaves extract. The stretching vibrations at 1613.99 cm−1 may probably be assigned to the N-H stretching of amines and C=O stretching of amide bonds associated with protein molecules. The dip around 1383.81 cm−1 was due to C=C stretching and peak at 1044.09 cm−1 indicated the presence of C-O-C stretching [26]. In Figure 2b, spectra of Mn NPs has been presented and a dip around 3312.82 cm−1 was recorded due to stretching vibrations of C-H and O-H group present in sample [26]. Another dip around 1557.20 cm−1 appeared due to the vibrations of N-H [35] and peak at 1662.63 cm−1 may be due to C=O group stretching [26]. The peaks at 1393.46 cm−1 and 1048.06 cm−1 indicated the presence of C=C and C-O-C stretching vibrations respectively [25]. It is clear from the spectra that specific functional groups detected in different compounds extracted from leaves have been found involved in stabilizing Fe and Mn NPs.



Bimetallic nanoparticles (Fe-Mn) were also analyzed using FTIR technique and dip around 3266 cm−1 was due to the presence of C-H and O-H group in the sample. Another dip around 1608 cm−1 was due to the presence of stretching vibrations of N-H group in amines and C=O stretching of amide bond due to protein molecules. The peaks at 1348 cm−1 and 1046 cm−1 indicates the presence of C=C and C-O-C stretching respectively. Peaks appeared around 1600 cm−1 in spectra of Fe and Fe-Mn confirmed the presence of Fe in BmNPs. In addition, peaks observed at 901 cm−1 and 730 cm−1 may be attributed to Mn derived NPs [34]. FTIR spectra recorded for Fe-Mn BmNPs confirmed the presence of Fe, Mn and phytochemicals extracted from C. sativa leaves.




3.3. XRD Studies


Nanoparticles (Fe, Mn and Fe-Mn) synthesized using C. sativa extract were analyzed using X-ray diffractometer and spectra have been presented in Figure 3. According to the Figure 3, XRD spectra recorded for Fe NPs (Table 1), miller indices values at 2θ i.e., 31.79, 42.45, 44.66, 47.39, 49.41, 65.99 are (100), (100), (101), (104), (102), (104) respectively. The presence of characteristic peaks at 32°, 42°, and 57° corresponding to Hematite (α-Fe2O3), whereas the peak at 44° correspond to zerovalent iron (α-Fe) phase (JCPDS No: 50-1275) [36]. The presence of some other peaks may be due to impurities of bio substances. The sharp and intense peaks confirmed the presence of Fe NPs and their hexagonal (primitive) nature. The average crystalline size was 10.70 nm (Table 1) as calculated by Debye-Scherrer equation.



The morphology and structure of Mn NPs was also identified using XRD diffraction pattern (Figure 3). The peaks recorded (Table 2) at 22°, 28° 32°, 36°, 45°, 56°, 63°, 65° correspond to (111), (210), (211), (220), (320), (410), (331), (421) miller indices for Manganese NPs (JCPD No: 21-0547) [37]. Crystal phase identification of Mn NPs was achieved by using XRD with CuKa1 λ = 1.5406Å. Sharp peaks indicated the cubic nature of Mn NPs. The average crystallite size found to be 18.17 nm (Table 2) was estimated by Debye-Scherrer formula.



Structural integrity of BmNPs was evaluated employing XRD diffractometer. In this analysis, 2 θ scale was plotted against intensity (Figure 3) illustrating that miller indices for diffraction peaks at 32.66, 44.32, 51.90, 65, 54, 76.69 are (210) (221) (320) (410) (332) 430) respectively (Table 3). The peaks appearing at 32° relates to hematite (α-Fe2O3) while another peak appearing at 45° depicting the presence of zerovalent iron phase [36] and the peaks at 51°, 57°, 69° [37] and 75° [38] correspond to the manganese NPs. Theta values indicating that the synthesized material is highly crystalline and cubic in nature. No extra peak appeared in the XRD spectrum of BmNPs ensuring about the purity of product. The average size of BmNPs was estimated by Debye-Scherrer equation was about 0.63 nm (Table 3). XRD patterns appeared in Fe and Mn spectra, synergistically observed in XRD pattern recorded for bimetallic Fe-Mn NPs. However, difference in d spacing values of bimetallic particles is less as compared to their monometallic products, validating the increase in crystallinity of nanocomposites.




3.4. SEM Analysis


In order to assess the morphology of the NPs synthesized using C. sativa leaves extract, SEM images were obtained using NOVA Nano SEM 450 at different magnifications as shown in Figure 4a,b (1 µm, 200 nm). It has been observed that Fe NPs are heterogeneous mixture and recorded micrographs display a mixed morphology of triangular and rectangular NPs. The variations in particle sizes occurred due to the clumping of NPs. By increasing the magnification (200 nm), various morphologies of NPs observed because of the interactions of extract biomolecules with NPs [25,26].



Nanoparticles of manganese synthesized using C. sativa leaves extract were examined for their morphology and SEM micrographs were recorded at different magnification Figure 5a,b (1 µm, 200 nm). SEM images revealed that the NPs were having heterogeneous morphology due to clumping of NPs and are not completely spherical in shape. Nanoparticles are self-assembled together to form cluster formation [26].



SEM micrographs of bimetallic Fe-Mn particles are displayed in Figure 6a,b (1 µm, 200 nm). It is observed from this figure that BmNPs exhibit heterogeneous surfaces. The overall view of NPs can be seen at two different magnifications. The randomly arranged particles in SEM micrographs depicted their agglomeration or cluster formation might be owing to its interaction with bio moieties. Moreover, at high resolution particles are representing square and oval-shaped morphology. Definite boundaries of particles are clearly visible in images and particles have compact surface without any visible pores [39].




3.5. Photocatalytic Activity


Many researchers have reported synthesis and catalytic activity of metal NPs for the degradation of dyes. Huge amount of dyes is disposed into ground water resources that are seriously damaging the environment as these dyes can cause serious hazards to aquatic life and several health issues to human. Dyes are being removed from aqueous medium by the process of photocatalytic degradation using metal NPs [40,41]. Metal NPs synthesized in current work using C. sativa extract, were tested for photocatalytic activity against two selected dyes i.e., degradation of methyl orange and Congo red was achieved.



Degradation of MO


Methyl orange is an azo dye has been widely used in many industries. Degradation of MO was carried out using Fe, Mn and Fe-Mn NPs. In the absence of a catalyst, reduction of MO was not observed. This may happened due to the presence of high energy barrier to initiate the degradation reaction [41]. Degradation of MO dye was done in the presence of Fe NPs and spectra were recorded after regular time intervals using UV-visible spectrophotometer (Figure 7). Photocatalytic degradation (up to 85%) of MO dye was successfully completed in within just 18 min. Fe NPs synthesized in current work exhibited much better efficiency as compare to the efficiency of previously reported Fe NPs [42].



Photocatalytic degradation potential of Mn NPs was also tested against MO dye. Degradation of MO dye was carried out in the presence of nanocatalyst i.e., Mn NPs. Spectra of the dye were recorded after regular time intervals in the presence of the catalyst (Figure 8). Results revealed that degradation of MO dye was achieved up to 80% within 20 min. For the degradation of dye, Fe NPs were found better as compare to Mn NPs.



Green synthesized Fe-Mn BmNPs were evaluated for their photocatalytic degradation of MO dye. For this purpose, same optimized conditions were used as that for Fe and Mn NPs. Bimetallic nanoparticles exhibited excellent efficiency for the degradation of MO. The results presented in Figure 9 revealed that the degradation by BmNPs was found to be more effective then monometallic NPs (Fe and Mn), In case of BmNPs degradation was achieved just in 12 min with 90 % degradation efficacy and it is an evident for the association of metals in BmNPs as well as synergistic effects of the BmNPs [43].





3.6. Degradation of CR


Degradation of CR dye was also achieved in the presence of Fe, Mn and Fe-Mn NPs synthesized using C. sativa leaves extract. Photocatalytic activity of Fe NPs was recorded after regular time intervals, specific conditions and under the effect of UV radiations. The spectra recorded for CR dye has been presented in Figure 10 that confirmed the degradation up to 90 % in 24 min. In a previously reported work, degradation of CR dye was achieved in almost 60 min which indicate that Fe NPs synthesized in current work are efficient in nature [44].



Degradation of CR dye was carried out using Mn NPs to evaluate the photocatalytic potential of synthesized monometallic NPs. All the conditions throughout the degradation studies were kept constant. The results of CR degradation were assessed by spectra presented in Figure 11 that shows decrease in intensity of CR dye solution after regular time intervals in the presence of Mn NPs. Degradation potential of the Mn NPs was effective then Fe NPs, as degradation was achieved in just 18 min. Efficiency of Mn NPs for the degradation of CR was found better than previously reported results in which degradation up to 75% was completed in 80 min using Mn NPs [45].



To examine the photocatalytic potential of the synthesized Fe-Mn BmNPs in comparison with their monometallic counterparts, degradation of CR dye was carried out. The results have been presented as spectra of CR in Figure 12 which confirms reduction was more effective than monometallic NPs of Fe and Mn, occurred within just 12 min. Experimental work is showing that Fe-Mn BNPs are more effective for degradation of CR dye as compared to monometallic NPs of Fe and Mn. In case of Fe NPs and Mn NPs, intensity of the dye solution was completely decreased in 18 and 20 min but in case of Fe-Mn BmNPs, degradation is completely occurred within just 12 min.





4. Conclusions


Current work was designed to synthesize monometallic and BmNPs involving similar metal atoms and extract obtained from same botanical material. Nanoparticles such as Fe, Mn and Fe-Mn have been synthesized using C. sativa leave extract. The plant extract efficiently acted as reducing and stabilizing agents for the metal NPs. Preliminary UV and FTIR spectroscopic analysis confirmed the synthesis of NPs. Other characterization techniques such as XRD and SEM investigations provided crystallinity index and nano dimensions of the synthesized NPs. Authors concluded that phytochemicals present in plant extracts possess potential to synthesize both monometallic and BmNPs. Photocatalytic potential of the synthesized NPs was evaluated using a methyl orange and Congo red dyes. Results revealed that the synthesized bimetallic particles can be effectively employed for the degradation of the dye present in aqueous solution even more than monometallic NPs. Furthermore, these NPs can be exploited for the degradation of dyes that can be a good commodity for the treatment of water from textile industry. Moreover, current study will encourage green synthesis of bimetallic NPs that is ecofriendly, have gained much importance in nanotechnology now a day.
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Figure 1. UV-visible spectra of Fe, Mn and Fe-Mn NPs. 
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Figure 2. FTIR spectra of (a) Fe NPs, (b) Mn NPs (c) Fe-Mn NPs. 
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Figure 3. XRD spectra Fe, Mn and Fe-Mn NPs. 
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Figure 4. SEM micrographs of Fe NPs at 1 µm (a), 200 nm (b). 
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Figure 5. SEM micrographs of Mn NPs at 1 µm (a), 200 nm (b). 
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Figure 6. SEM micrographs of Fe/Mn NPs at 1 µm (a), 200 nm (b). 
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Figure 7. UV-visible spectra for photocatalytic degradation of MO using Fe NPs. 
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Figure 8. UV-visible spectra for photocatalytic degradation of MO using Mn NPs. 
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Figure 9. UV-visible spectra for photocatalytic degradation of MO using Fe-Mn NPs. 
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Figure 10. UV-visible spectra for photocatalytic degradation of CR using Fe NPs. 
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Figure 11. UV-visible spectra for photocatalytic degradation of CR using Mn NPs. 
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Figure 12. UV-visible spectra for photocatalytic degradation of CR using Fe-Mn NPs. 
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Table 1. XRD Diffraction Pattern of Fe NPs.






Table 1. XRD Diffraction Pattern of Fe NPs.





	2 Theta (deg)
	M.I (hkl)
	d Pacing
	FWHM
	Crystallite Size





	31.79
	100
	2.8126
	0.10528
	11.94061



	42.45
	100
	2.1018
	0.04379
	24.70497



	44.66
	101
	2.0270
	0.9992
	1.052824



	47.39
	104
	1.9165
	0.57504
	1.741224



	49.41
	102
	1.8429
	0.05196
	18.5197



	65.9
	104
	1.4162
	0.09656
	6.254256
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Table 2. XRD Diffraction Pattern of Mn NPs.






Table 2. XRD Diffraction Pattern of Mn NPs.





	2 Theta (deg)
	M.I (hkl)
	d Spacing
	FWHM
	Crystallite Size





	22.86
	111
	4.0300
	0.10675
	12.84302



	28.68
	210
	3.1300
	0.02312
	56.22286



	32.07
	211
	2.8440
	3.64897
	0.345882



	36.13
	220
	2.4720
	0.59902
	1.989576



	45.98
	320
	1.9350
	0.14555
	7.212654



	54.02
	410
	1.6960
	0.02891
	30.05543



	57.16
	331
	1.6100
	0.022
	36.45642



	60.50
	1.5290
	421
	2.77674
	0.26228
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Table 3. XRD Diffraction Pattern of Fe-Mn BNPs.






Table 3. XRD Diffraction Pattern of Fe-Mn BNPs.





	2 Theta (deg)
	M.I (hkl)
	d Spacing
	FWHM
	Crystallite Size D





	32.66
	2 1 0
	0.2166265
	8.97065
	0.1582146



	44.32
	2 2 1
	0.2905815
	17.70622
	0.0773574



	51.90
	3 2 0
	0.3371019
	0.42078
	3.1604



	59.32
	4 1 0
	0.381237
	15.15031
	0.0848259



	65.45
	3 3 2
	0.4164671
	4.57589
	0.2718989



	76.69
	4 3 0
	0.4779015
	23.79657
	0.0487435
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