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Abstract 
Surface modification of MgO solid base is an important task in order to carry organic reaction for pollution free environment. For 

this purpose, MnO2/MgO mixed oxide nanosheets are prepared by alkali leached hydrothermal method at 150 OC for 48 hrs. As 

synthesized corresponding hydroxides are calcined at 450 OC for 6 hrs to form mixed MnO2/MgO oxide. Mixed oxides are 

characterized by XRD, UV-DRS, IR, FESEM and EDS Analysis. XRD revealed formation of tetragonal crystal structure MnO2 

mixed with cubic crystal system of MgO. FESEM shows formation of nanosheets of 20 nm thickness. Prepared mixed 

MnO2/MgO nanosheets are used as solid recyclable base in Wittig reaction of benzaldehyde and phosphonium salt in DMF 

solvent at room temperature. Recycling of solid base is associated with no change in crystal phases and purity of materials. 

Surface activity after comparison with nanocrystalline MgO shows that higher valent Mn is responsible for enhancing surface 

basicity of MgO.  
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1. Introduction: 

Nanostructured metal oxides are identified for their versatile applications in organic synthesis [1]. Solid 

nature of such heterogenetic metal oxide able chemists to carry out organic reaction in an economic way for 

pollution free environment due to recyclability and reusability nature. In organic synthesis, vast number of 

base mediated organic reactions are known. Among such base mediated organic reactions, Wittig reaction is 

well known for synthesis of alkene from aldehyde or ketones. Utilization of strong, excessive basic 

condition and unwanted separation diverts chemists from Wittig reaction unless some selectivity is expected 

in olefin synthesis. At industrial scale, Wittig reaction is adopted for synthesis of vitamin A, fragrances and 

important drugs. Ethyl cinnamate is such important alpha, beta unsaturated ester synthesized by Wittig 

reaction and utilized as flavoring agent [3]. Broad applicability of Wittig reaction attracted the chemists for 

synthesis of ethyl cinnamate under heterogeneous basic condition. Different solid bases such as ZnO, MgO, 

hydrocalcites etc.  are utilized in Wittig reaction, but less reactivity of pure solid bases limited the use in 

Wittig reaction at industrial scale. MgO is very popular solid base used in most of base catalyzed organic 

reaction [4]. Nanocrystalline MgO is used in Wittig reaction [5]. It is well known that, surface basicity of 

MgO is due to different low coordinated surface oxygens, known as active basic sites. The number and 

coordination nature of surface basic sites decides the overall reactivity and hence basicity of MgO system 

[6]. With this study attempts were going on to modify the surface basicity of MgO by controlling basic sites. 

Under normal condition, MgO takes longer reaction time for synthesis of ethyl cinnamate by Wittig reaction 

and activation of MgO at higher temperature is major drawback. To some extent, surface activity of MgO 

can be modified by formation of mixed metal oxides like ZnO/MgO [7]. Such low valent metal oxides with 

MgO necessitate use of very bulk amount. Use of larger quantity of this mixed oxide associated with very 

poor yield.  La/MgO assisted Wittig reaction shows very lengthy reaction time [8].  

Higher oxidation state of metals in mixed oxide shows impact by surface basicity enhancement and it 

operates reversibly in organic reaction due to acidic and basic interaction [9]. So both effects result for use 

of catalytic amount of solid base and short reaction time. Distortion of crystal structure of MgO is more 

beneficial with higher oxidation Mn than low valet metal oxides. Surface basicity of metal oxides can be 

controlled by method of preparation and preparation conditions. With this view, hydrothermal method found 

to be very useful and simple method for preparation of mixed metal oxides [10].  Alkali leached 

hydrothermal method is useful for preparation of mixed metal oxides with different morphology and hence 

expected surface reactivity of basic systems can be achieved.   

With this view, MnO2/MgO nanosheets are prepared by alkali leached hydrothermal method and used as 

recyclable solid base in Wittig reaction of benzaldehyde and phosphonium salt.  
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2. Experimental:    

For preparation of MnO2/MgO nanosheets- MnCl2.4H2O, NaOH flakes etc. and for Wittig reaction- 

benzaldehyde, triphenyl phosphine, DMF, Ethyl acetate, toluene, hexane solvent etc. chemicals are 

purchased from Loba Chemicals. XRD analysis of materials is performed using Bruker AXS model D-8. 

FESEM analysis is performed over HITACHI, S-4800 model. UV-DRS is determined by using Scimadzu 

UV-3600 instruments. Elemental composition is analysed by EDS on Bruker XFlash 6130 instruments.  

For Wittig reaction phosphonium bromide is prepared by reaction between ethyl bromoacetate and 

triphenyl phospine in toluene solvent in quantitative yield using reported procedure. 

2.1 Preparation of MnO2/MgO nanosheets by alkali leached hydrothermal method.   

For preparation of alkali leached MnO2/MgO mixed oxides by hydrothermal methods, 5.O gm of 

commercial MgO and 0.918 gm MnCl2.4H2O is leached 10 M 100 ml NaOH in 200 ml hydrothermal 

reactor for 48 hrs at 150 OC. The resulting hydroxide is dried at 60 OC for 6 hrs. After calcination at 450 OC, 

it yields MnO2/MgO nanosheets as confirmed from FESEM analysis. Same procedure was followed for 

preparation of pure undoped nanocrystalline MgO without addition of salt precursor.  

2.2 Wittig reaction of phosphonium salt with benzaldehyde in presence of MgO and MnO2/MgO mixed 

oxides.  

For preparation of ethyl cinnamate by Wittig reaction, 4.6 mmol of phosphonium salt is stirred with 6.9 

mmol benzaldehyde in presence of solid base in 5 ml DMF solvent. Reaction is monitored by TLC. After 

disappearance of reactant, ethyl acetate is added and content was transferred to separating funnel solid base 

is separated by centrifugation. The resulting content is separating funnel is worked up with water to remove 

DMF solvent. After separation of products from solvent and catalysts, ethyl acetate extract was dried over 

anhydrous sodium sulphate and evaporated under vacuum.       

Further, products and byproducts are separated by column chromatography using pure hexane as eluent. 

The resulting liquid ethyl cinnamate is characterized by IR, 1H-NMR and HR-MS.  
 

3. Result and Discussion: 

 In proposed research work, MgO2/MgO mixed oxides are prepared by alkali leached hydrothermal method 

and used as solid recyclable base in Wittig reaction between phosphonium bromide salt and benzaldehyde. 

Surface basic activity is compared with pure nanocrystalline MgO. The as synthesized material is 

characterized by XRD, UV-DRS, IR, FESEM and EDS Analysis.  

3.1 Characterization of pure nanocrystalline MgO and MnO2/MgO mixed oxides.   

3.1.1 XRD analysis  

Figure1 represents the XRD pattern of hydrothermally prepared nanocrystalline Mg(OH)2 (Fig 1a) and 

calcined nanocrystalline MgO (Fig. 1b)  and MnO2/MgO mixed oxide (Fig. 1c). When commercial MgO is 

subjected to alkali leached hydrothermal condition, it is converted to corresponding hydroxide. XRD 

analysis of resulting magnesium hydroxide (Fig. 1) shows 2θ values at 18.52, 32.89, 37.99, 50.86, 58.63, 

62.05, 68.32 for 001, 100, 101, 102, 110, 111, 103, 201 planes respectively. Such 2θ values with 

corresponding plane indicates hexagonal crystal system with brucite phase (JCPDS file no 44-1482). After 

calcination of hydroxide at 450 OC it decomposes to nanocrystalline MgO. The resulting oxide shows 2θ 

values 36.91, 42.88, 62.29, 74.68, and 78.61O for 111, 200, 220, 311, 222 planes respectively (Fig. 2b), 

indicating formation of simple cubic system with periclase phase (MgO (JCPDS file no 45-0946). Same 

procedure was followed for preparation of MnO2/MgO mixed oxide by addition of salt precursor. XRD 

analysis of mixed oxides (Fig.1c) shows 2θ values at 18, 28, 36 and 58O with MgO crystal planes 

corresponding to of tetragonal body centered α-MnO2 (JCPDS file 44-0141). Overall XRD analysis 

revealed that MnO2 tetragonal crystal phase is mixed with simple cubic phase of MgO.            
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Figure 1. XRD analysis of (a)Mg(OH)2 (b)nanocrystalline MgO (c) MnO2/MgO 

3.1.2 UV-DRS analysis  

Figure 2 represents the UV diffused absorption spectra of pure nanocrystalline MgO and MnO2/MgO 

mixed oxides. Nanocrystalline MgO shows formation of pure phase with absorption band around 274 nm 

only (Fig. 2a). In case of MnO2/MgO mixed oxides, two sharp absorption bands at 228 nm and 275 nm are 

observed. The absorption bands in MgO are associated with electronic excitation of low coordinated 

oxygen ions on surface. In this bands 274 nm represents the 3 coordinated oxygen excitation while 228 nm 

represents 4 coordinated oxygen’s excitation [11]. Overall UV-diffused absorption study indicates that 

MnO2/MgO surface is more populated with 3 and 4 coordinated oxygen’s than pure nanocrystalline MgO 

reasoning for increasing surface basicity. The absorption band at 420 nm attributed to presence MnO2 in 

sample [12].   

 

Figure 2 UV-diffused absorption analysis of (a) Nanocrystalline MgO (b)MnO2/MgO 

 

3.1.3 FT-IR analysis.  

Figure 3 represents FT-IR spectrum of nanocrystalline MgO and MnO2/MgO mixed oxide. For 

nanocrystalline MgO (Fig. 3a) different absorption bands located between 400-850 cm-1 which are 

attributed to different coordinated Mg-O stretching vibrations. In first region in 400-500 cm-1 fundamental 

bands are observed [13], while in second region 550-850 cm-1 combination bands of fundamental stretching 

frequencies are seen 14]. IR bands appearing between 1400-1600 cm-1 and between 4300-3600 cm-1 are 

attributed to chemisorption of CO2 and water on surface of MgO respectively [15].  

In case MnO2/MgO mixed oxides the broad combination bands are replaced by bands of O-Mn-O bands in 

MnO2 sample [16]. In region 400-500 cm-1 IR region different Mn-O and Mg-O stretching vibration peaks 

are appeared suggesting for presence of MnO2 mixed with MgO.  

http://www.jetir.org/


© 2021 JETIR July 2021, Volume 8, Issue 7                                                             www.jetir.org (ISSN-2349-5162) 

JETIR2107726 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org f970 
 

 
Figure 3 FT-IR analysis of (a)Nanocrystalline MgO (b)MnO2/MgO  

 

3.1.4 FESEM Analysis.  

Figure 4 shows the FESEM images of nanocrystalline MgO and MnO2/MgO mixed oxides. FESEM 

analysis for nanocrystalline MgO (Fig 4A) shows the formation hexagonal plates with 32 nm thickness under 

the alkali leached hydrothermal method. Under the same condition addition, Addition of Mn precursor salt in 

MgO shows formation of nanosheets with 20 nm thickness (Fig. 4B). The particles size is well agreement 

with calculated by Scherer’s equation for XRD peaks. 

     
Figure 4 FESEM analysis of (a-b) Nanocrystalline MgO (c-d) MnO2/MgO  

 

3.1.5 EDS analysis:  

Figure 5 shows elemental analysis of 5 % MnO2/MgO mixed oxide nanosheets by EDS analysis. The EDS 

analysis of prepared sample by EDS analysis shows presence of Mg, O and Mn elements in mixed oxides. 

The expected elemental composition of Mn was found to be 4.73 %.  

 
Figure 5: Elemental Analysis of 5 % MnO2/MgO oxide 

 

The characterization by XRD, UV, IR, FESEM and EDS analysis suggested the 5 % MnO2/MgO mixed 

oxide with nanosheets morphology.  
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3.1.6 Basic activity measurement:  

The nanocrystalline MgO and MnO2/MgO nanosheets prepared by alkali leached hydrothermal method and 

used as solid recyclable base in Wittig reaction between phosphonium salt and benzaldehyde in DMF 

Solvent. For measurement of surface basic activity of 10 wt% of each solid base was stirred in presence of 

4.6 mmol of phosphonium bromide salt with 4.6 mmol of benzaldehyde in 5 ml DMF solvent (Scheme 1). 

The catalytic activities of two different MgO solid bases are compared. All solid bases are activated by 

heating at 700 OC prior to use in reaction. 
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Scheme 1. Wittig reaction in presence of different MgO based solid base. 

 

 

Table 1. basic activity of nanocrystalline MgO and MnO2/MgO solid base. 

No Solid Base % yield 

1 Blank reaction 0 

2 Commercial MgO* 45 

3 Commercial MgO 60 

4 Nanocrystalline MgO 72 

5 MnO2/MgO 81 

Reaction condition: 10 wt% of each solid base activated is stirred with reactants in 5ml DMF solvent at RT. 

               *without heating  

From table 1, it is evident that MnO2/MgO solid bases are more basic over nanocrystalline MgO than 

commercial MgO and nanocrystalline MgO due to higher oxidation of Mn [17] and surface defects on 

surface of MgO. Basicity of each solid base is effective only when catalysts is activated by heating. Heating 

required for elimination of CO2 and water vapors to expose the basic sites. Further to get quantitative yield 

of product ethyl cinnamate, reaction is optimized for reactants and catalysts amount.  

 

3.1.7 Optimization of reactant amount.  

For optimization of reactant amount, the concentration of benzaldehyde varied from 1 to 1.5 equivalents, it 

shows positive effect (Fig. 6a) on basic activity of solid base, while increasing concentration of 

phosphonium salt from 1 to 1.3 equivalents, it shows negative effect (Fig. 6b) on basic activity of solid 

base. On decreasing base amount from 10 wt% to 2.5%, best results (Fig. 6c) are obtained at 5wt% of 

MnO2/MgO with respect to 4.7 mmol of phosphonium salt. So reaction is optimized at 1.5 equivalent (6.9 

mmol) benzaldehyde with 4.7 mmol phosphonium salt in presence of 5wt% MnO2/MgO nanosheets as a 

solid base. So under optimized reaction condition for 5 wt% solid base MnO2/MgO shows 90 % yield of 

ethyl cinnamate (Scheme 2) 
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Scheme 2. Wittig reaction in presence of different MnO2/MgO nanosheets. 
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Figure 6. Effect of concentration of (a)benzaldehyde, (b)phosphonium salt and (c)catalysts amount of basic 

activity of MnO2/MgO.  

 

3.1.7 Recycling of MnO2/MgO.  

After optimization of Wittig reaction for reactant quantity and base amount, it is evaluated for recycling 

because of solid nature. After first cycle, the solid base is separated by centrifugation. After first cycle 96 % 

of solid base is recovered for next cycle. Recovered base is again characterized by XRD. The XRD after 

first cycle shows same purity and crystal phase. In this way use of solid recyclable 5 wt% MnO2/MgO 

mixed oxide in Wittig reaction is economic and pollution free. 

 

4. Conclusion:  

The MnO2/MgO nanosheets prepared by alkali leached hydrothermal methods are more basic over the 

nanocrystalline MgO due to higher oxidation state of Mn and increased number of low coordinated oxygen 

on surface. Under the optimized reaction condition in Wittig reaction, MnO2/MgO mixed oxides shows 

90 % basic activity. The reported methodology is economic, pollution free and easy to scale up. 
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Characterization of Wittig product: 

The Wittig product ethyl cinnamate is characterized by HR-MS and 1H-NMR. 

1)HR-MS: (Mol. Formula C11H12O2) 

[M+H] ion for 177.09. (For C11H13O2) 

 

2)1H-NMR (500 MHz, CDCl3) for E-ethyl cinnamate 

1.3 ppm (triplet, 3H, J=7.5 Hz), 4.25 ppm (quartet, 2H, J=7.5 Hz), 4.26 ppm (doublet, 1H, J= 16 Hz, 7.34 

ppm (triplet, 3H, J=3.5 Hz), 7.48 ppm (quartet, 2H, J=3.5 Hz), 7.67 ppm (doublet, 1H, J=16 Hz).  
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