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Abstract. Nickel nanoparticles stabilised by Fe3O4-Lignin a core-shell (Fe3O4-

Lignin@Ni-NPs) were synthesised in water. Different methods have been used to 

characterise the Fe3O4-Lignin@Ni-NPs, including UV-Visble and fourier transform 

infrared (FT-IR)spectroscopy, energy dispersive X-ray (EDX) spectra, powder X-ray 

diffraction (PXRD), scanning electron microscopy (SEM)and tunnelling electron 

microscopy. (TEM). Ni-NPs as prepared to have an average size of about 15 nm, which 

was consistent with the size predicted by PXRD. As the corresponding alcohol products 

were obtained in good to outstanding yields of up to 99% in quick reaction times of 1.25 

to 3.0 h, this heterogeneous and magnetically recoverable catalyst has shown promising 

activity in the transfer hydrogenation of carbonyl compounds. Additionally, the catalyst 

could be readily recovered using an external magnet by filtration and repurposed up to 

six times with continued catalytic activity. 
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1 Introduction 

The design and development of an efficient, stable, recoverable and reusable catalyst are the 

main difficulties facing the chemist. Heterogeneous catalysis has been used to address the 

majority of these issues. Catalysts supported by magnetic metal oxides are typically 

heterogeneous. It has been established that using magnetic metal oxides to support catalysts is 

an environmentally friendly method because these supports are non-toxic and these catalysts 

are magnetically recoverable and recyclable [1]. However, problems with end product 

contamination, leaching, aggregation, stabilization, and deactivation have been reported for 

catalysts with M-NPs backed by bare-metal oxides. Metal oxide nanoparticles may catalyse 

the oxidation and/or other reactions of organic substrates and/or products into undesirable 

compounds. These undesirable processes render such catalysts inert, non-recoverable, and 
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eventually wasteful. Furthermore, because these supports are non-toxic and these catalysts are 

magnetically recoverable and recyclable, it has been determined that this technique is a 

sustainable one. Additionally, in large-scale manufacturing, particularly for pharmaceuticals 

where the impurity profile would be strictly regulated, the purification of metal-contaminated 

organic products would become a significant issue [1-6]. 

 Natural biopolymers have recently come to light as excellent supports for metal 

nanoparticles (M-NPs) due to their abundance, safety, non-toxicity, biodegradability, 

biocompatibility, and environmental friendliness. The natural biopolymers agarose, alginate, 

arabinogalactan, cellulose, chitosan, lignin, pectin, and starch have been used as stabilisers or 

capping agents for M-NPs (Biopolymer@M-NPs, M = Ni, Pd, Pt, Ag, and Au) and have 

demonstrated exciting applications in chemistry as catalysts [7] biology [10,11], medicine [12-

13], and material science [14,15]. Additionally, nickel nanoparticles (Ni-NPs) stabilised by a 

variety of supports [16-17] even biopolymers like agarose [18], cellulose [19], and lignin [20]. 

Very scant supported by have been used to stabilize but convert carbonyl molecules into 

alcohols [21-23]. 

 At this moment, core-shell supported M-NPs (Core-Shell@M-NPs) catalysts have 

received a lot of interest. These hybrid supports or core shells made specifically from sources 

of inorganic and organic origin were found to be much more desirable and promising supports 

for M-NPs [24-26]. The organic shell serves as an auxiliary linker for the core and M-NPs in 

inorganic-organic@M-NPs catalysts, stabilizing metal nanoparticles and avoiding direct 

contact between the core and organic substrates and products, thereby preventing unfavorable 

oxidation and other reactions by metal oxide core. Additionally, for the reaction to occur, the 

organic solvent, substrates, and reagents can spread through the organic shell [27,28]. 

Synthesized metal nanoparticles with 'hybrid' core-shell supports [29-32], where the core is a 

magnetic metal oxide and the shell is a biopolymer, have found uses in biology, medicine, and 

catalysis [33-37]. Fe3O4 and biopolymer (chitosan, alginate, and cellulose) nanocomposites 

have been synthesised and used as supports for M-NPs [38-40]. Fe3O4 and lignin 

nanocomposite has been synthesised [41,42] and has been used as a support for Pd-NPs 

[42,43]. As nickel nanoparticles supported by hybrid core-shell nanocomposites have never 

been reported, it would be beneficial to synthesise magnetic, non-toxic, and inexpensive 

Fe3O4-lignin core-shell-supported nickel nanoparticles (Ni-NPs) [24-26]. And lignin, the only 

aromatic polysaccharide, is the second most abundant biopolymer, the safest, cheapest, 

sustainable, renewable, and biocompatible material [44,45]. In addition to stabilising M-NPs 

by ligating functional groups like arene, alkene, alcohol, phenol, carboxyl, carbonyl, and ether, 

lignin also serves as a reducing agent. Here, a simple synthesis of a nickel nanocatalyst 

supported by Fe3O4-lignin and its catalytic activity in the conversion of carbonyl compounds 

into alcohols are described. 

2 Experimental 

2.1 Materials and methods 

All of AR Grade the chemicals, reagents and substrates brought from Spectrochem Ind. Pvt. 

Ltd., and used straight away without further purification. From Sigma-Aldrich India, obtained 

ferrous sulphate heptahydrate (FeSO4.7H2O), anhydrous ferric chloride (FeCl3), nickel 



 

 

 

 

chloride hexahydrate (NiCl2.6H2O), and high molecular weight alkaline lignin from St. Louis, 

MO, USA. The solvents were purified using widely accepted techniques. Silicagel 250-400 

mesh for thin layer chromatography (TLC)was purchased from Merck Ind. Ltd. sold. 

2.2 Synthesis of Fe3O4-Lignin@Ni-NPs 

 Under magnetic stirring, a standard aqueous solution of NiCl2.6H2O (100 mL,0.237 

g, 1 mmol) was combined with Fe3O4-Lignin (0.5 g). After stirring the resulting heterogeneous 

mixture for 30 min; this reaction mixture was added dropwise hydrazine hydrate (2 mL). The 

entire reaction mixture was then refluxed for 6 h while being constantly stirred. An external 

magnet was used to separate the solid from the reaction mixture after cooling it. This solid was 

washed with DI water (20 mL) followed by dry ethanol (20 mL). The resulting black solid was 

dried for two hours at 100° C in a vacuum oven. After that, Fe3O4-Lignin@Ni-NPs was 

collected as a fluffy black powder. 

2.3 General procedure for transfer hydrogenation reaction 

 A carbonyl compound (1.0 mmol), Fe3O4-Lignin@Ni-NPs (0.05 g), solvent (10 mL), 

and hydrogen donor (1.0 mmol) were added to a two-neck round-bottom flask. At room 

temperature, this reaction mixture was magnetically stirred in a dry nitrogen environment. 

TLC was used in conjunction with an appropriate solvent system to check the progress of the 

reaction. After the reaction was finished, the catalyst was separated by magnetic filtration and 

the solvent was removed on a rotary evaporator. The organic product was extracted twice into 

dichloromethane (2×20 mL). The combined organic layers were dried over anhydrous Na2SO4 

and the solvent was removed on a rotary evaporator. By using an appropriate solvent system 

and column chromatography, the crude products of each reaction were purified. Using 1H 

NMR spectroscopy, the structures of each alcohol product were verified. 

3 Results and discussion 

3.1 Synthesis of Fe3O4, Fe3O4-Ligninand Fe3O4-Lignin@Ni-NPs  

 With a slight modification to the method described in the published literature [46,47], 

magnetic iron (II/III) oxide nanoparticles (Fe3O4-NPs) were made by chemically precipitating 

Fe3+ and Fe2+ ions from solutions of ferrous sulphate heptahydrate (FeSO4 7H2O) and 

anhydrous ferric chloride (FeCl3) in a 2:1 molar ratio. Sonicating a mixture of lignin and 

Fe3O4-NPs in ethanol: water (1:1) system at ambient temperature to 40 °C results in the 

formation of a heterogeneous Fe3O4-Lignin nanocomposite solid. This solid was extracted 

using magnetic decantation, and it was then vacuum-dried at room temperature. Ni-NPs were 

synthesized by reducing a standard solution of nickel (II) sulphate hexahydrate in DD (doubly 

distilled) water with hydrazine hydrate while having Fe3O4-Lignin as a Core-Shell form of 

support. A black solid that had developed after the reaction mass had been cooled was 

separated by an external magnet. The wet-solid had been cleaned with DI water to get rid of 

any inorganic contaminants and then washed with dry ethanol. This Fe3O4-Lignin@Ni-NPs 

solid was dried for a couple of hours at 100 °C in a vacuum oven before being collected 

finally as a fluffy black powder. The different functional groups of lignin are anticipated to 

coordinate to the Ni-NPs that prevented their agglomeration and stabilizing them that have 

thus been formed. 



 

 

 

 

 

 

Scheme 1 Synthesis of Fe3O4-Lignin@Ni-NPs. 

 Since Fe3O4 is the catalyst's primary core component, the catalyst (Fe3O4-

Lignin@Ni-NPs) develops magnetic attraction and can subsequently be retrieved using 

magnetic separation. The only aromatic biopolymer with several ligating functionalities 

hydroxyl, carbonyl, and carboxyl groups are present in lignin that can bind both metal ions 

and metal nanoparticles, lignin acts as a shell around the Fe3O4 core, protecting it from 

agglomeration and leaching. Lignin is a natural, abundant, non-toxic, environmentally benign, 

biodegradable carbohydrate-based polymer. This heterogeneous nickel nanocatalyst is 

sustained by an inorganic-organic core-shell (Fe3O4-Lignin) but is insoluble in highly polar 

solvents like DMSO, DMF, and water. It was also found to be highly stable because no 

significant changes were noticed after being kept for a long time. This support has the 

advantages of being biodegradable, cheap, easily accessible, reusable, sustainable, eco-

friendly, and non-toxic. 

3.2 Characterization of Fe3O4-Lignin@Ni-NPs    

3.2.1 UV-Visible Spectroscopy 

 The UV-visible spectra of an aqueous solution of Ni(II) and Fe3O4-Lignin@Ni-

NPs'are depicted in Fig. 1. Ni(II) has been reduced to Ni(0) because the bands around λmax, 

300 nm, and 430 nm have been found to be absent. 

 

Fig.1 UV-Visible spectra of NiCl2.6H2O (Red) and Fe3O4-Lignin@Ni-NPs(Black). 
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3.2.2 FT-IR spectroscopy 

 Fig. 2 displays the FT-IR spectrum of Fe3O4-Lignin@Ni-NPs. The various bands 

found in the IR spectrum of Fe3O4-lignin@Ni-NPs were appeared at υ,3417, 2935, 2112, 

1603, 1509, 1463, 1420, 1267, 1214, 1127, 1080, 1032, 982, 675, 634, and 577 cm-1. These 

bands have been evaluated in comparison to the IR spectra of lignin and lignin modified with 

Fe3O4 [41,42]. The presence of hydroxyl (O-H) groups was responsible for the wide band seen 

at υ,3417 cm-1. At υ,2935 and 1462 cm-1, respectively, observed the aliphatic C-H (methyl and 

methylene both merged) vibrational and deformation bands. Typical aromatic ring bands were 

observed at υ,1595 and 1512 cm-1. The O-H group bending vibrations were detected at a 

wavenumber of υ,1373 cm-1, while C-O stretching and aromatic vibrations were appeared at 

υ,1269 and 1221 cm-1, respectively. Dialkyl ether linkages were seen at υ,1127 cm-1 and C-O 

deformation of bands of methoxy group was observed at υ,1030 cm-1. The vibrations of Fe-O 

bonds of iron oxide appear in Fe3O4-Lignin@Ni-NPs betweenυ,675 to 577 cm−1. 

 

Fig.2 FT-IR spectrum of Fe3O4-Lignin@Ni-NPs. 

3.2.3 Powder X-Ray Diffraction (PXRD) 

 The powder X-ray diffraction pattern of Fe3O4-Lignin@Ni-NPs is displayed in Fig. 

3. The distinct characteristic peaks at 2θ values of 35.3, 43.0, 53.3, 57.09, and 62.5° correlate 

to the diffraction of the Fe3O4 lattice planes (220), (311), (400), (422), (511) and (440) [48]. 

The distinctive signals of the fcc and hcp crystalline phases of Ni are visible as peaks at 2θ 

values 37.10o, 43.30o, 62.87o, and 76.50o. According to the PXRD pattern the Ni-NPs had 

been effectively grafted onto the Fe3O4-Lignin, an inorganic-organic hybrid core-shell support. 



 

 

 

 

 

Fig.3 Powder X-Ray diffraction pattern of Fe3O4-Lignin@Ni-NPs. 

3.2.4 Energy Dispersive X-ray analysis (EDX) 

 According to energy dispersive (EDX) X-ray spectrum (Fig. 4) the iron and nickel 

were found in the Fe3O4-lignin@Ni-NPs catalyst. It was observed that lignin was loaded with 

20.73% iron and 32.84% nickel. Additionally, the EDX spectrum displayed the typical carbon 

and oxygen signals of the lignin.  

 

Fig. 4 EDX spectrum of Lignin-Fe3O4@Ni-NPs. 
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3.2.5 Scanning Electron Microscopy (SEM)  

 The SEM pictures of Fe3O4-Lignin@Ni-NPs from various angles are presented in 

Fig. 5. These pictures demonstrated how evenly distributed the Ni-NPs are on the Fe3O4-

Lignin. 

 

Fig.5SEM images of Fe3O4-Lignin@Ni-NPs. 

3.2.6 Transmission Electron Microscopy (TEM) 

 TEM images of nickel nanoparticles stabilized by Fe3O4@ligninare shown in Fig. 6. 

These TEM images demonstrated that Ni-NPs were monodispersed and had both spherical and 

hexagonal morphology. The TEM pictures also demonstrated that the Ni-NPs had an almost 

uniform particle size distribution, with an average particle size of 15-20 nm.  

 

Fig. 6TEM images of Fe3O4-Lignin@Ni-NPs. 



 

 

 

 

3.3 Applications of Fe3O4-Lignin@Ni-NPs in the TH of carbonyl compounds  

3.3.1Optimizationstudies of hydrogen donor, solvent and reactions conditions  

The effectiveness of the magnetic core-shell supported nickel nanoparticles (Fe3O4-

Lignin@Ni-NPs) catalyst in the transfer hydrogenation (TH) of carbonyl compounds, 

including aldehydes and ketones, into primary and secondary alcohols was evaluated. The 

substrate for the optimisation experiments used was acetophenone. Selectively employing 

hydrogen sources, ammonium formate (HCOONH4) and isopropanol (IPA). TH studies were 

conducted in a few examples of popular industrially useful organic solvents such as 

tetrahydrofuran (THF), acetonitrile, methanol, and n-hexane. The amount of the catalyst used 

was 0.05 g for all the optimization reactions. (What about the catalyst's dosage impact.) All of 

the reactions were carried out in an inert N2 environment with magnetic stirring at room 

temperature (25–30 °C). Table 1 lists the experimental findings and conclusions of these 

optimization investigations. Short reaction periods of 1.5 h were used for the reactions. These 

experimental findings demonstrated that the ammonium formate was found to be a compatible 

and efficient hydrogen source, and that THF, used as the solvent, produced the highest yield 

(85%) of the reduction product 1-phenyl ethanol.  (Table 1, Entry 1). 

Table 1 Optimization of Fe3O4-Lignin@ Ni-NPscatalyzedTH of acetophenonea. 

O OH

Acetophenone 1-Phenylethanol

Hydrogen Donor/Fe3O4-Lignin@Ni-NPs

Solvent, N2/25-30 oC

 

aReactions conditions: Acetophenone (1.0 eq.), hydrogen donor (1.0 eq.), Fe3O4-Lignin@Ni-NPs 

(50mg) and solvent (10 times of acetophenone),T = 25-30 °C, N2 atmosphere. bThe isolated yields are 

given for the products. 

3.3.2 Scope of the catalyst Fe3O4-Lignin@ Ni-NPs in the TH of aldehydes and ketones 

 The efficiency of the Fe3O4-Lignin@Ni-NPs catalyst has been evaluated for the 

transfer hydrogenation of different substituted carbonyl compounds, aromatic aldehydes and 

ketones including heterocyclic ones, into the corresponding alcohols. As long as the carbonyl 

Entry Solvent Hydrogen donor Time (h) Yield (%)b TON TOF 

1 Tetrahydrofuran (THF) Ammonium formate 1.5 85 3046.59 2031.06 

2 Methanol Ammonium formate 1.5 80 2867.38 1911.58 

3 n-Hexane Ammonium formate 1.5 59 2114.69 1409.79 

4 Acetonitrile Ammonium formate 1.5 62 2222.22 1481.48 

5 Tetrahydrofuran IPA 1.5 60 2150.53 1433.68 

6 Methanol IPA 1.5 55 1971.32 1314.21 

7 n-Hexane IPA 1.5 50 1792.11 1194.74 

8 Acetonitrile IPA 1.5 45 1612.90 1075.26 



 

 

 

 

compounds were fully reduced, the TH reactions were carried out using the previously 

optimized reaction conditions, such as ammonium formate as a hydrogen source in THF at RT 

under nitrogen atmosphere. The product yields, TON, and TOFare provided in Table 2. On 

TLC, the reactions were routinely observed. Within 1.0 to 3.0 h, TH of any of the carbonyl 

compounds used in this study was transformed into the respective alcohols. The catalyst was 

found to be effective in the conversion of carbonyl compounds into corresponding alcohols in 

high yields and with shorter reaction periods when done at room temperature. This nickel 

nanocatalyst was also found to be highly active in the TH of aldehydes than ketones, which is 

the fact that aldehydes can attack the catalytically active site more readily than ketones 

because there is less steric resistance. Hence, carbonyl group of aldehydes can be reduced 

more readily than ketones.  

 In 1.25 and 1.5 h at room temperature, this catalyst could convert benzaldehyde and 

acetophenone into benzyl alcohol and 1-phenyl ethanol, producing 87 and 85% yields, 

respectively (Table 2, Entry 1 and Entry 2). The Ni nanocatalysts supported by ceria [49] 

and biopolymer [50] were used for the TH of carbonyl compounds in to alcohols and reported 

that these catalysts required in large amount though they resulted in a 98% yield of 1-

phenylethanol. Further, in the latter caseH2 gas under pressure was used as hydrogen donor. 

TH reaction of acetophenone (95%, 2 h) and benzaldehyde (99%, 3 h) by supported 

mesoporous carbon material supported nickel nanoparticles produces higher yields of 

respective alcohols but at 80 °C in slightly large reaction times and still larger reaction times 

(48 h) were reported in case if ionic liquids are used [51]. Higher yields of alcohols were 

produced by a mesoporous silica supported Ni-NPs catalyst in shorter reaction periods (45–60 

min), but at temperatures of 100–110 °C in the presence of a base. Ni NPs were prepared by 

using lithium and DTBB for the TH of acetophenone at 76 °C with IPA as the hydrogen 

donor, and the result was 94% 1-phenylethanol. TH of acetophenone produces 86% 1-

Phenylethanol catalyzed by Ni-NPs supported on polyionic in 48 h and under refluxing 

conditions.  

 By selectively reducing the carbonyl group in the presence of other substituted 

functional groups like cyano, halo, methoxy, and nitro, the freshly synthesized nickel 

nanocatalyst's chemoselectivity was further evaluated. TH reaction of 4-chloro or 4-bromo 

benzaldehydes produced 90% and 96% yields of the respective alcohols without affecting C–

X (X = Br, Cl) bond in 1.5 h(Table 2, Entries 3 and 4).This catalyst produced 91 and 95% 

isolated yields of the corresponding alcohols from 3-nitro and 4-nitrobenzaldehydes on TH in 

2.5 and 1.5 h respectively (Table 2, Entries 5 and 6). This is linked to the substituent's 

increasing ability to withdraw electrons and the position of the substituent on the aromatic 

ring. The rate of heterogeneous catalytic reactions solely relies on the polarizability of the 

carbonyl group on the co-ordinatively unsaturated site of the catalyst because the reactions 

move through a six-membered cyclic transition state. Due to the reduced polarizability of the 

carbonyl group, it was found that when electron-donating OCH3 and CH3 groups were 

substituted at the para position of the acetophenone, the yields of the corresponding alcohols 

have been decreased by 82 and 70%, respectively (Table 2, Entries 7 and 8). This catalyst 

found to required very short reaction periods when compared to the reported similar type of 

Ni-NPs catalysts supported by polyionic liquid, CMK-3, and ceria though produce the alcohol 

product 4-methyl acetophenone in a high yield of 94% but requires longer reaction times and 

under refluxion conditions. In presence of the electron-withdrawing cyano group,para-



 

 

 

 

cyanoacetophenone generated 85% of the corresponding alcohol. (Table 2, Entry 9). When 

compared to the reported catalysts, the heteroaromatic carbonyl compounds also demonstrated 

to show good conversion in to respective alcohols (Table 2, Entries 10, 11 and 12). In 

conclusion, the catalyst Fe3O4-Lignin@Ni-NPs has been found to be very promising in terms 

yield of alcohol, reaction conditions like reaction duration and temperature, and cost of 

reagents and other materials. 

Table 2 The catalytic transfer hydrogenation of carbonyl compounds in to alcohols usingFe3O4-

Lignin@ Ni-NPsb as catalyst. 

R

O

R

OH

R' R'

HCOONH4,

Fe
3
O

4
-Lignin@Ni-NPs

THF

RT/N2

R = H, CH3; R
1
 = H, CH3, NO2, Cl, Br, OCH3, CN  

Entry Substrate Product 
Time 

(h) 
Yield(%)b TONc TOFd 

1 H

O

 

OH

H

 

1.25 87 3118.27 2494.61 

2 

O

 

OH

 

1.50 85 3036.59 2024.39 

3 H

O

Cl  

OH

H

Cl  

1.50 90 3225.80 2150.53 

4 H

O

Br  

OH

H

Br  

1.50 96 3440.86 2293.90 

5 H

O

O2N  

OH

H

O2N  

1.00 95 3405.01 3405.01 

6 H

O

O2N

 

OH

H
O2N

 

2.50 91 3261.64 1304.65 

7 

O

H3CO  

OH

H3CO  

1.50 82 2939.06 1959.37 

8 

O

 

OH

 

1.00 70 2508.96 2508.96 



 

 

 

 

9 

O

NC  

OH

NC  

2.50 85 3046.59 13218. 

10 

N

O

 
N

OH

 

2.00 38 1362 681 

11 

N

O

 N

OH

 

2.00 90 3225.80 1612.9 

12 

N

O

 
N

OH

 

2.00 98 3512.54 1756.27 

13 

O

O

H

 O

H

OH

 

3.00 40 1433.69 477.89 

aReactions were carried out with carbonyl compound (1.0 eq.), ammonium formate (1.0 eq.), Fe3O4-

Lignin@ Ni-NPs  (0.050 g) and THF (10 times with respect to carbonyl compound) at room temperature 

in an inert N2atmosphere. 
bThe isolated yields are given for the products. 

3.4 Recovery and reuse of the catalyst  

 An external magnet was used to retrieve the catalyst form the reaction system after 

each recycle. The same carbonyl compound underwent hydrogenation in five additional 

reactions using the recovered catalyst (Table 3, Entry 2) from the previous reaction under the 

same reaction circumstances. The reactions were found to be finished in the typical time range 

of 1.3 to 2 h, yielding products between 84% and 70% (Table 3).  

Table 3 The catalytic reduction of acetophenone in to 1-phenyl ethanol using recovered using Fe3O4-

Lignin@Ni-NPs. 

O OH

Ammonium Formate

Recovered Fe3O4

_
 Lignin@Ni-NPs

/N2/25 oC
Acetophenone 1-Phenylethanol  

Entry 
Catalyst Reuse 

Stage 

Time 

(h) 

Yieldb 

(%) 
TON TOF 

1 Fresh  1 1.30 84 3010.75 2315.96 

2 
Recovered from 

Entry 1 
2 1.30 74 2652.32 2040.24 

3 
Recovered from 

Entry 2 
3 1.40 73 2616.48 1868.91 

4 
Recovered from 

Entry 3 
4 1.50 72 2580.64 1720.42 

5 
Recovered from 

Entry 4 
5 2.00 72 2580.64 1290.32 



 

 

 

 

6 
Recovered from 

Entry 5 
6 2.00 70 2508.96 1254.48 

aReactions were carried out with  acetophenone (1.0 eq.), ammonium format (1.0 eq.), Fe3O4-Lignin@ 

Ni-NPs (0.050 g) and THF (10 times) at room temperature under stirring in an inert atmosphere of 

N2.bThe isolated yields are given for the products.  

After the THreaction of each substrate the catalyst was separated by centrifugation, the residue 

washed with absolute ethanol (2-3 times) and then dried overnight in hot air oven.  The 

recovered catalyst was reused for 6 runs and found that the catalyst does not to lose its 

efficiency. These observations revealed that the new Fe3O4-Lignin@Ni-NPs catalyst is 

advantageous as it avoids tedious purification process organic product. The recovered catalyst 

after 6 repeated usage has been characterized by TEM analysis. The TEM images of reused 

Fe3O4-Lignin@Ni-NPsare shown in Fig. 7. 

 

Fig. 7 TEM images of reused Fe3O4-Lignin@Ni-NPs. 

3.5 Fe3O4-Lignin@Ni-NPscalcined at different temperatures 

 Fe3O4-Lignin@Ni-NPshas been calcined at different temperatures. The calcined 

material has been characterized by PXRD and TEM analysis. 

3.5.1 PXRD spectra of Fe3O4-Lignin@Ni-NPs 

PXRD patterns of calcined Fe3O4-Lignin@Ni-NPs are shown in Fig.8. It is obvious that the 

well-defined peaks. It is observed that peaks are sharp with high intensity for higher 

calcinations time which means that bigger particle size may be generated by increasing the 

calcination time.  It is observed that increasing the calcination temperatures from 300 to 600 

°C leads to increase in the crystallite size since crystallite growth is thermally accelerated. 



 

 

 

 

 

 

Fig. 8 PXRD spectra of Fe3O4-Lignin@Ni-NPs calcined at 300 °C, 400 °C and 600 °C 

3.5.2 Transmission Electron Microscopy  

 After its sixth cycle of reuse, Fe3O4-Lignin@Ni-NPswas calcined at 600 °C whose 

TEM pictures at various magnifications are shown in Fig. 9. The pictures showed that the Ni-

NPs aggregate slightly and were almost spherical in form. These TEM images of Fe3O4-

Lignin@Ni-NPsrevealed that the typical particle size was in the range of 25 to 30 nm. 

 

Fig.9 TEM images of Fe3O4-Lignin@Ni-NPs calcined at 600 °C and SAED image. 
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4 Conclusions  

Fe3O4-Lignin was successfully synthesized using a green method, and it was used as a strong 

support for Ni(0) nanoparticles (Ni-NPs). Lignin is a non-toxic, eco-friendly biopolymer that 

has been effectively used to transform Ni(II) ions into Ni-NPs, stabilize/support Ni-NPs, and 

form a protective shell for Fe3O4-NPs. The Fe3O4-Lignin@Ni-NPs nanocatalyst is 

heterogeneous, magnetic, stable, and its size, shape, and have been characterized by methods 

such as UV-Visible, FT-IR, PXRD, SEM, TEM, EDX, and PXRD. TEM images showed that 

the particles' size and form change and their intensity rises after calcinations at 300, 400, and 

600 °C. The catalytic effectiveness of the nickel nano catalyst Fe3O4-Lignin@Ni-NPs in the 

transfer hydrogenation of various substituted aromatic, hetroaromatic aldehydes, and ketones 

in to the corresponding alcohols has been effectively investigated. Under agreeable reaction 

conditions, the catalyst was found to be effective and highly selective for reduction carbonyl 

groups, yielding products up to 95% yield. Additionally, the catalyst avoids the need for costly 

chemicals and high temperatures and improves product yields in a shorter amount of time. The 

catalyst was retrieved using an external magnet and reused for up to six cycles before needing 

any additional modifications. 

References 
[1] Zhang, F., Niu, J., Wang, H., Yang, H., Jin, J., Liu, N., & Ma, J.: Palladium was supported on 

superparamagnetic nanoparticles: a magnetically recoverable catalyst for Heck 

reaction. Materials Research Bulletin. 47(2), pp.504-507(2012) 

[2] Polshettiwar, V., Luque, R., Fihri, A., Zhu, H., Bouhrara, M., & Basset, J. M.: Magnetically 

recoverable nanocatalysts. Chemical reviews. 111(5), pp.3036-3075(2011) 

[3] Gawande, M. B., Branco, P. S., &Varma, R. S.: Nano-magnetite (Fe3O4) as a support for 

recyclable catalysts in the development of sustainable methodologies. Chemical Society 

Reviews. 42(8), pp.3371-3393 (2013) 

[4] Kweon, H., Jang, S., Bereketova, A., Park, J. C., & Park, K. H.: Highly dispersed Ni 

nanoparticles on mesoporous silica nanospheres by melt infiltration for transfer hydrogenation 

of aryl ketones. RSC advances.9(25), pp.14154-14159(2019) 

[5] Lorito, D., Li, H., Travert, A., Maugé, F., Meunier, F. C., Schuurman, Y., &Mirodatos, C.: 

Understanding deactivation processes during bio-syngas methanation: DRIFTS and SSITKA 

experiments and kinetic modeling over Ni/Al2O3 catalysts. Catalysis Today. 299, pp.172-

182(2018) 

[6] Mohapatra, S. K., Sonavane, S. U., Jayaram, R. V., &Selvam, P.:Regio-and chemoselective 

catalytic transfer hydrogenation of aromatic nitro and carbonyl as well as reductive cleavage of 

azo compounds over novel mesoporous NiMCM-41 molecular sieves. Organic letters. 4(24), 

pp.4297-4300(2002) 

[7] Mahajan, A., & Gupta, M.: Hybrid ceria and chitosan supported nickel nanoparticles: A 

recyclable nanocatalytic system in the reduction of nitroarenes and the synthesis of benzopyran 

derivatives in green solvent. Applied Organometallic Chemistry. 35(5), e6161(2021) 

[8] Hajipour, A. R., &Abolfathi, P.: Chitosan‐supported Ni particles: an efficient nanocatalyst for 

direct amination of phenols. Applied Organometallic Chemistry. 32(4), e4273(2018) 

[9] Adlim, M., Bakar, M. A., Liew, K. Y., & Ismail, J.: Synthesis of chitosan-stabilized platinum 

and palladium nanoparticles and their hydrogenation activity. Journal of Molecular Catalysis 

A: Chemical. 212(1-2), pp.141-149(2004) 



 

 

 

 

[10] Shukla, S. K., Mishra, A. K., Arotiba, O. A., & Mamba, B. B.: Chitosan-based nanomaterials: 

A state-of-the-art review. International journal of biological macromolecules. 59, 46-58(2013) 

[11] Wang, Y., Li, Z., Yang, D., Qiu, X., Xie, Y., & Zhang, X.: Microwave-mediated fabrication of 

silver nanoparticles incorporated lignin-based composites with enhanced antibacterial activity 

via electrostatic capture effect. Journal of colloid and Interface Science. 583, pp.80-88(2021) 

[12] Chandna, S., Thakur, N. S., Reddy, Y. N., Kaur, R., &Bhaumik, J.: Engineering lignin 

stabilized bimetallic nanocomplexes: structure, mechanistic elucidation, antioxidant, and 

antimicrobial potential. ACS Biomaterials Science & Engineering. 5(7), pp.3212-3227(2019) 

[13] Saratale, R. G., Saratale, G. D., Ghodake, G., Cho, S. K., Kadam, A., Kumar, G.,& Shin, H. S.: 

Wheat straw extracted lignin in silver nanoparticles synthesis: Expanding its prophecy towards 

antineoplastic potency and hydrogen peroxide sensing ability. International journal of 

biological macromolecules. 128, pp.391-400(2019) 

[14] Shen, Z., Luo, Y., Wang, Q., Wang, X., & Sun, R.: High-value utilization of lignin to 

synthesize Ag nanoparticles with detection capacity for Hg2+. ACS Applied Materials & 

Interfaces. 6(18), pp.16147-16155(2014) 

[15] Gan, D., Xing, W., Jiang, L., Fang, J., Zhao, C., Ren, F., & Lu, X.: Plant-inspired adhesive and 

tough hydrogel based on Ag-Lignin nanoparticles-triggered dynamic redox catechol 

chemistry. Nature communications. 10(1), pp.1487 (2019) 

[16] Kweon, H., Jang, S., Bereketova, A., Park, J. C., & Park, K. H.: Highly dispersed Ni 

nanoparticles on mesoporous silica nanospheres by melt infiltration for transfer hydrogenation 

of aryl ketones. RSC advances. 9(25), pp.14154-14159(2019) 

[17] Vijayakrishna, K., Charan, K. P., Manojkumar, K., Venkatesh, S., Pothanagandhi, N., 

Sivaramakrishna, A.,&Sreedhar, B.: Ni nanoparticles stabilized by poly (ionic liquids) as 

chemoselective and magnetically recoverable catalysts for transfer hydrogenation reactions of 

carbonyl compounds. ChemCatChem. 8(6), pp.1139-1145(2016) 

[18] Firouzabadi, H., Iranpoor, N., Gholinejad, M., Akbari, S., &Jeddi, N.: Palladium nanoparticles 

supported on agarose-functionalized magnetic nanoparticles of Fe 3 O 4 as a recyclable 

catalyst for C–C bond formation via Suzuki–Miyaura, Heck–Mizoroki and Sonogashira–

Hagihara coupling reactions. RSC Advances. 4(33), pp.17060-17070(2014) 

[19] Jokar, M., Naeimi, H., &NabiBidhendi, G.: Preparation and characterization of cellulose 

sulfate/Pdnanocatalsysts with remarkable efficiency for Suzuki–Miyaura reaction. Applied 

Organometallic Chemistry 35(8), e6266(2021) 

[20] Bharamanagowda, M. M., &Panchangam, R. K.: Lignin@ Ni‐NPs: A Novel, Highly Efficient, 

Recyclable, and Selective Nanocatalyst for Base‐Free Transfer Hydrogenation Reactions at 

Room Temperature. ChemistrySelect. 7(12), e202103793(2022) 

[21] Ding, L., Zhang, M., Zhang, Y., Yang, J., Zheng, J., Hayat, T., &Xu, J.: Tailoring the nickel 

nanoparticles anchored on the surface of Fe3O4@ SiO2 spheres for 

nanocatalysis. Nanotechnology. 28(34), pp.345601 (2017) 

[22] Polshettiwar, V., Baruwati, B., &Varma, R. S.: Nanoparticle-supported and magnetically 

recoverable nickel catalyst: a robust and economic hydrogenation and transfer hydrogenation 

protocol. Green Chemistry. 11(1), pp.127-131(2009) 

[23] Jadhav, S., Jagdale, A., Kamble, S., Kumbhar, A., &Salunkhe, R.: Palladium nanoparticles 

supported on a titanium dioxide cellulose composite (PdNPs@ TiO 2–Cell) for ligand-free 

carbon–carbon cross coupling reactions. RSC advances. 6(5), pp.3406-3420(2016) 



 

 

 

 

[24] Zamani, F., &Hosseini, S. M.: Palladium nanoparticles supported on Fe3O4/amino acid 

nanocomposite: Highly active magnetic catalyst for solvent-free aerobic oxidation of 

alcohols. Catalysis Communications. 43, pp.164-168(2014) 

[25] Zhang, L., Zhou, N., Wang, B., Liu, C., & Zhu, G.: Fabrication of Fe3O4/PAH/PSS@ Pd 

core–shell microspheres by layer-by-layer assembly and application in catalysis. Journal of 

colloid and interface science. 421, pp.1-5(2014) 

[26] Yao, T., Zuo, Q., Wang, H., Wu, J., Xin, B., Cui, F., & Cui, T.: A simple way to prepare 

Pd/Fe3O4/polypyrrole hollow capsules and their applications in catalysis. Journal of colloid 

and interface science. 450, pp.366-373(2015)] 

[27] Budarin, V. L., Clark, J. H., Luque, R., Macquarrie, D. J., & White, R. J.: Palladium 

nanoparticles on polysaccharide-derived mesoporous materials and their catalytic performance 

in C–C coupling reactions. Green Chemistry. 10(4), pp.382-387(2008) 

[28] Chalasani, R., &Vasudevan, S.:Cyclodextrin-functionalized Fe3O4@ TiO2: reusable, 

magnetic nanoparticles for photocatalytic degradation of endocrine-disrupting chemicals in 

water supplies. ACS nano. 7(5), pp.4093-4104(2013) 

[29] Pati, S. S., Singh, L. H., Guimarães, E. M., Mantilla, J., Coaquira, J. A. H., Oliveira, A. 

C.,&Garg, V. K.: Magnetic chitosan-functionalized Fe3O4@ Au nanoparticles: Synthesis and 

characterization. Journal of Alloys and Compounds. 684, pp.68-74(2016) 

[30] Yu, X., Tong, S., Ge, M., Zuo, J., Cao, C., & Song, W.: One-step synthesis of magnetic 

composites of cellulose@ iron oxide nanoparticles for arsenic removal. Journal of Materials 

Chemistry A. 1(3), pp.959-965(2013) 

[31] Nasrollahzadeh, M., Soleimani, F., Nezafat, Z., Orooji, Y., &Ahmadpoor, F.: Facile synthesis 

of Cu nanoparticles supported on magnetic lignin-chitosan blend as a highly effective catalyst 

for the preparation of 5-aryl-1H-tetrazoles. Biomass Conversion and Biorefinery. 13(14), 

pp.12451–12465(2021) 

[32] Niu, H., Meng, Z., &Cai, Y.: Fast defluorination and removal of norfloxacin by alginate/Fe@ 

Fe3O4 core/shell structured nanoparticles. Journal of hazardous materials. 227, pp.195-

203(2012) 

[33] Kainz, Q. M., &Reiser, O.: Polymer-and dendrimer-coated magnetic nanoparticles as versatile 

supports for catalysts, scavengers, and reagents. Accounts of chemical research. 47(2), pp.667-

677(2014) 

[34] Firouzabadi, H., Iranpoor, N., Gholinejad, M., Akbari, S., &Jeddi, N.: Palladium nanoparticles 

supported on agarose-functionalized magnetic nanoparticles of Fe₃O₄ as a recyclable catalyst 

for C–C bond formation via Suzuki–Miyaura, Heck–Mizoroki and Sonogashira–Hagihara 

coupling reactions. RSC Adv. 4.pp.17060-17070(2014) 

[35] Lizundia, E., Armentano, I., Luzi, F., Bertoglio, F., Restivo, E., Visai, L., & Puglia, 

D.:Synergic effect of nanolignin and metal oxide nanoparticles into Poly (l-lactide) 

bionanocomposites: material properties, antioxidant activity, and antibacterial 

performance. ACS Applied Bio Materials. 3(8), pp.5263-5274(2020) 

[36] Liu, R., Guo, Y., Odusote, G., Qu, F., & Priestley, R. D.: Core–shell Fe3O4 polydopamine 

nanoparticles serve multipurpose as drug carrier, catalyst support and carbon adsorbent. ACS 

applied materials & interfaces. 5(18), pp.9167-9171(2013) 

[37] Slavin, Y. N., Ivanova, K., Hoyo, J., Perelshtein, I., Owen, G., Haegert, A.,& Bach, H.: Novel 

lignin-capped silver nanoparticles against multidrug-resistant bacteria. ACS applied materials 

& interfaces. 13(19), pp.22098-22109(2021) 



 

 

 

 

[38] Denkbaş, E. B., Kilicay, E., Birlikseven, C., &Öztürk, E.:. Magnetic chitosan microspheres: 

preparation and characterization. Reactive and Functional Polymers. 50(3), pp.225-232(2002) 

[39] Zhu, H., Jia, S., Wan, T., Jia, Y., Yang, H., Li, J., &Zhong, C.: Biosynthesis of spherical 

Fe3O4/bacterial cellulose nanocomposites as adsorbents for heavy metal ions. Carbohydrate 

Polymers. 86(4), pp.1558-1564(2011) 

[40] Yadav, S., Devi, R., Bhar, P., Singhla, S., &Pundir, C. S.: Immobilization of creatininase, 

creatinase and sarcosine oxidase on iron oxide nanoparticles/chitosan-g-polyaniline modified 

Pt electrode for detection of creatinine. Enzyme and microbial technology. 50(4-5), pp.247-254 

(2012) 

[41] MadrahalliBharamanagowda, M., &Panchangam, R. K.: Fe3O4‐Lignin@ Pd‐NPs: A highly 

efficient, magnetically recoverable and recyclable catalyst for Mizoroki‐Heck reaction under 

solvent‐free conditions. Applied Organometallic Chemistry. 34(10), e5837(2020) 

[42] de AraújoPadilha, C. E., da Costa Nogueira, C., de Santana Souza, D. F., de Oliveira, J. A., & 

dos Santos, E. S.:Organosolv lignin/Fe3O4 nanoparticles applied as a β-glucosidase 

immobilization support and adsorbent for textile dye removal. Industrial Crops and 

Products. 146, 112167(2020) 

[43] Petrie, F. A., Gorham, J. M., Busch, R. T., Leontsev, S. O., Ureña-Benavides, E. E., & 

Vasquez, E. S.: Facile fabrication and characterization of kraft lignin@ Fe3O4 nanocomposites 

using pH driven precipitation: Effects on increasing lignin content. International journal of 

biological macromolecules. 181, pp.313-321(2021) 

[44] Sun, J., Zhou, S., Hou, P., Yang, Y., Weng, J., Li, X., & Li, M.: Synthesis and characterization 

of biocompatible Fe3O4 nanoparticles. Journal of biomedical materials research Part A. 80(2), 

pp.333-341(2007) 

[45] Dewan, A., Sarmah, M., Bharali, P., Thakur, A. J., Boruah, P. K., Das, M. R., & Bora, U.: Pd 

nanoparticles-loaded honeycomb-structured bio-nanocellulose as a heterogeneous catalyst for 

heteroaryl cross-coupling reaction. ACS Sustainable Chemistry & Engineering. 9(2), 954-

966(2021) 

[46] Firouzabadi, H., Iranpoor, N., Gholinejad, M., &Hoseini, J.: Magnetite (Fe3O4) 

Nanoparticles‐catalyzed Sonogashira–Hagihara reactions in ethylene glycol under ligand‐free 

conditions. Advanced Synthesis & Catalysis. 353(1), pp.125-132(2011) 

[47] Firouzabadi, H., Iranpoor, N., Gholinejad, M., Akbari, S., &Jeddi, N.: Palladium nanoparticles 

supported on agarose-functionalized magnetic nanoparticles of Fe₃O₄ as a recyclable catalyst 

for C–C bond formation via Suzuki–Miyaura, Heck–Mizoroki and Sonogashira–Hagihara 

coupling reactions. RSC Adv. 4, pp.17060-17070(2014) 

[48] Prasad, C.; Sreenivasulu, K.; Gangadhara, S.; Venkateswarlu, P.: Bio Inspired Green Synthesis 

of Ni/Fe3O4 Magnetic Nanoparticles Using MoringaOleifera Leaves Extract: A Magnetically 

Recoverable Catalyst for Organic Dye Degradation in Aqueous Solution. J. Alloy Comp.  700, 

pp.252–258(2017) 

[49] Alonso, F., Riente, P., &Yus, M. Hydrogen-transfer reduction of carbonyl compounds 

catalysed by nickel nanoparticles. Tetrahedron Letters. 49(12), pp.1939-1942(2008) 

[50] Shimura, K., & Shimizu, K. I.: Transfer hydrogenation of ketones by ceria-supported Ni 

catalysts. Green chemistry. 14(11), pp.2983-2985(2012) 

[51] Polshettiwar, V., Baruwati, B., &Varma, R. S.: Nanoparticle-supported and magnetically 

recoverable nickel catalyst: a robust and economic hydrogenation and transfer hydrogenation 

protocol. Green Chemistry. 11(1), pp.127-131(2009) 


