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General methods and experimental  
 
Experimental Techniques  
 
All commercial reagents were used as received unless otherwise mentioned. For analytical and 

preparative thin-layer chromatography, Merck, 0.2 mm and 0.5 mm Kieselgel GF 254 percoated 

were used, respectively. The spots were visualized using UV light.  

The X-ray powder diffraction pattern was obtained using a conventional powder diffractometer 

RIGAKU, model: MiniFlex™ II benchtop X-ray Diffractometer; X-ray tube: Cu-Kα (30 kV / 15 mA) 

radiation operating in Bragg-Brentano (/2) geometry. (Sample preparation: grinding when 

needed and compression in the sample holder with a flat glass. The sample area in the sample 

holder is about 2 cm2). Transmission electron microscopy (TEM) experiments were performed 

on a Hitachi H8100 microscope, with a ThermoNoran light elements EDS detector and a CCD 

camera for image acquisition. The Fe3O4-MoO3 fine powder was placed on carbon stub and the 

images were recorded at 5-15 kV using LFD detector under low vacuum.  

Elemental analysis was done by using ICP-AES (Inductively coupled plasma-atomic emission 

spectrometer) using a Horiba Jobin-Yvon, France, Ultima, model equipped with a 40.68 MHz RF 

generator, Czerny-Turner monochromator with 1.00 m (sequential), autosampler AS500 and 

CMA (concomitant metals analyzer).  

Scanning electron microscopy images were acquired using a JEOL JSM7001F FEG-SEM. 

Elemental analysis was performed using a light elements EDS detector from Oxford. The Fe3O4-

MoO3 powder was spread on a double-sided carbon tape and analyzed using 25kV acceleration 

voltage. 

For SIMS, (secondary ion mass spectrometry) positive and negative secondary ion spectra were 

collected in the mass range of 0 -100 m/z (T=10 min) with an upgraded VG Ionex IX23LS TOF-

SIMS set-up based on the Poschenrieder design. A focused liquid Ga+ gun in pulsed mode (6 

kHz) was used as a source of the analytical ions. A beam current in dc mode at 14 keV was ca. 

15 nA with a raster size of 300 X 300 μm2. Sample potential was 5 kV. Vacuum during the 

experiments was maintained in the range of (2-3) X10-9 mbar in the analytical chamber. 

XPS measurements were performed on VSW XPS system with the Class 100 energy analyzer 

being a part of an experimental setup assembled for surface investigation. The spectra were 

taken in fixed analyzer transmission mode with the pass energy of 22 eV i.e. FAT 22. Fe3O4-

MoO3 fine powder was prepared for XPS by pressing on In (Indium) plate as a matrix in order to 
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reduce the charging problems and providing mechanical support. For the energy axis calibration 

Ag(110) and polycrystalline Au samples (previously cleaned by ion sputtering) were used. 

Proton NMR spectra were recorded on a Bruker, 400, 5 mm probe at  400 MHz. 1H shifts are 

reported relative to internal TMS. 

Table 1. Optimization of reaction conditionsa 

 

 

No. Catalyst Oxidant Isolated Yield 
(%) 

1 ---------- ------- NR 

2 ------------ TBHP  NR 

3 Fe3O4-MoO3 --------- NR 

4 Fe3O4-MoO3 H2O2 (37 %) excess NR 

5 Fe3O4-MoO3-50mg  TBHP  58 

6 Fe3O4-MoO3-100mg TBHP 89 

7 Fe3O4 TBHP Trace 

8 Fe3O4-MoO3-100mg TBHP (70 %)  65 
            Reactions condition : benzyl alcohol = 1mmol, TBHP 5-6 M in decane= 

            1 mL, catalyst = 100 mg (0.35 wt %), Temp = 80 
o
C, Time = 6 h.  

 

The oxidation of benzyl alcohol (2) to benzaldehyde (3) was used as a model reaction and the 

results are depicted in Table 1. Under catalyst-free and oxidant-free conditions no reaction was 

observed (Table 1 entries 1-3). Using H2O2 (37 %) as the oxidant the reaction did not succeed 

(Table 1, entry 4).  

Using TBHP as the oxidant an excellent yield of 2 was obtained (89 %) in short reaction time 

(Table 1, entry 6). The Fe3O4 nanoparticle (30-35 nm, figure 1, a) gave only a trace amount of 2 

(Table 1, entry 7). The yield of the reaction substantial increased when 100 mg of catalyst were 

used instead of 50 mg.   
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Spectral Interpretation of synthesized compounds  

 

 

  
 

4-(1-(4-methoxyphenyl)-3-phenylprop-2-yn-1-yl)morpholine Obtained in 90 % yield; 

IR(KBr) max:  1116, 1251, 1509, 2955; 
1
H NMR ( CDCl3) : 7.58-7.51 (m, 4H), 7.34 (s, 3H), 

6.91 (d, J=8 Hz, 2H), 4.81(s, 1H, -CH), 3.82( s, 3H, -OCH3), 3.77 (bs, 4H), 2.68 (s, 4H); 
13

C 

NMR, (CDCl3)  

MSEI(+) m/z: 307.1, 219.6, 177.0, 94.5; HRMSEI(+) calcd for C20H21NO2[M]
+  

307.1572 found 

307.1573.  

 

 
IR spectra of 4-(1-(4-methoxyphenyl)-3-phenylprop-2-yn-1-yl)morpholine (9a). 
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Proton NMR spectra of (4-(1-(4-methoxyphenyl)-3-phenylprop-2-yn-1-yl)morpholine (9a). 

 
Carbon NMR spectra of 4-(1-(4-methoxyphenyl)-3-phenylprop-2-yn-1-yl)morpholine (9a). 
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 Electron impact mass spectra of 4-(1-(4-methoxyphenyl)-3-phenylprop-2-yn-1-yl)morpholine 

(9a). 

 

 
 

High resolution electron impact mass spectra of 4-(1-(4-methoxyphenyl)-3-phenylprop-2-yn-1-

yl)morpholine (9a). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2013



7 

 

1-(1-(4-bromophenyl)-3-phenylprop-2-yn-1-yl)piperidine1 (9 b) obtained in 91 % ; 1H NMR (CDCl3) δ: 

7.53-7.46 (m, 6H), 7.34-7.33 (m, 3H, ),  4.73(s, 1H, -CH), 2.52 (m, 4H), 1.68-1.56 (m, 4H),  1.45-1.44 (m, 

2H).  

 
Proton NMR of 1-(1-(4-bromophenyl)-3-phenylprop-2-yn-1-yl)piperidine (9b) 

 

 

  
Expansion Proton NMR of 1-(1-(4-bromophenyl)-3-phenylprop-2-yn-1-yl)piperidine (9b) 
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1-(1-(4-fluorophenyl)-3-phenylprop-2-yn-1-yl)piperidine
2
 (9c) obtained in 90 %; 

1
H NMR 

(CDCl3) δ: 7.61-7.58 (dd, J = 8.4 and 5.6 Hz, 2H), 7.52-7.50 (m, 2H),  7.34-7.32 (m, 3H), 7.05 

(t, 2H, J = 8.8 Hz), 4.76 (s, -CH),  2.53 (m, 4H), 1.67-1-45 (m, 6H).  

 
Proton NMR of 1-(1-(4-fluorophenyl)-3-phenylprop-2-yn-1-yl)piperidine (9c) 
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Expansion Proton NMR of 1-(1-(4-fluorophenyl)-3-phenylprop-2-yn-1-yl)piperidine (9c) 

 

 Expansion Proton NMR of 1-(1-(4-fluorophenyl)-3-phenylprop-2-yn-1-yl)piperidine (9c) 
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2-amino-4-(4-chlorophenyl)-7,7-dimethyl-5-oxo-5,6,7,8-tetrahydro-4H-chromene-3-

carbonitrile
3
(15a) obtained in 96 % yield ; 

1
H NMR (400 MHz, DMSO) :7.33 (d, J = 8.4, 2 H), 

7.15 (d, J = 8.4, 2 H), 7.04 (bs, s, 2H, -NH2), 4.17 (s, 1 H), 3.41 (bs,  s, 2H), 2.23 (d, J = 16 Hz, 

1H), 2.080 (d, J = 16 Hz, 1H), 1.01 (s, 3H), 0.93 (s, 3H); 
 13

C NMR 

(DMSO)

 
 

 
Proton NMR spectra of 2-amino-4-(4-chlorophenyl)-7,7-dimethyl-5-oxo-5,6,7,8-tetrahydro-4H-

chromene-3-carbonitrile (15 a) 
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Carbon NMR spectra of 2-amino-4-(4-chlorophenyl)-7,7-dimethyl-5-oxo-5,6,7,8-tetrahydro-4H-

chromene-3-carbonitrile (15a) 
 

2-amino-7,7-dimethyl-4-(4-nitrophenyl)-5-oxo-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile
4
 

(15b)  obtained in  90 %; 
1
H NMR (400 MHz, DMSO) : 8.17 (d, J = 6.8 Hz, 2 H), 7.45 (d, J = 

6.4 Hz, 2 H), 7.19 (bs, s, 2H, -NH2), 4.36 (s, 1 H), 2,5 (bs, 2H, under the peak of DMSO), 2.31-

2.24 (m, 2 H), 2.17-2.02 (m, 2 H), 1.04 (s, 3H), 0.95 (s, 3H).    
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Proton NMR of 2-amino-7,7-dimethyl-4-(4-nitrophenyl)-5-oxo-5,6,7,8-tetrahydro-4H-chromene-3-

carbonitrile (15b) 

2-amino-4-(4-fluorophenyl)-7,7-dimethyl-5-oxo-5,6,7,8-tetrahydro-4H-chromene-3- 

carbonitrile
3
 (15 c)  obtained in 92 %;  1H NMR (400 MHz, CDCl3) δ : 7.20 (dd, J = 8.6 and 5.4 

Hz, 2 H), 6.97 (t, J =8.8 Hz, 2 H), 4.52 (bs, s, 2H, -NH2), 4.39 (s, 1 H), 2.25 (d, J=16,4 Hz, 1 H), 

2.19 (d, J=16,4 Hz, 1H), 1.24 (d, J=8 Hz, 1H), 1.20 d, J=8 Hz, 1H), 1.11 (s, 3H), 1.02 (s, 3H).   
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Proton NMR of 2-amino-4-(4-fluorophenyl)-7,7-dimethyl-5-oxo-5,6,7,8-tetrahydro-4H-chromene-3- 

carbonitrile (15 c) 
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Transmission electron microscopy (TEM)  

Transmission electron microscopy (TEM) experiments were performed on a Hitachi H8100 

microscope, with a ThermoNoran light elements EDS detector and a CCD camera for image 

acquisition. The TEM of ferrite and Nanocat-FeMo MNPs shows uniform-sized magnetic 

nanoparticles and showing somewhat spherical morphology with an average size range of 15–30 

nm (Figure 1).  

 

Figure 1 a) TEM image of Ferrite at 200 nm 

 

 

Figure 1b. TEM image of Nanocat-Fe-Mo nanoparticles  
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FEG-SEM of Nanocat-Fe-Mo 

 

For analysis on the FEG-SEM the sample was observed using 25kV acceleration voltage. The 

images show uniformly-size particles, with somewhat spherical morphology of the particles and 

look like wooly cloud like clusters (Figure 2). 

 

 

2a)    

 

2 b) Figure 2. SEM images of Nanocat-Fe-Mo nanoparticles 
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Histogram Calculations  

 

In order to build the histogram for the particle size distribution of Nanocat-Fe-Mo,  a large 

number of images (10 to 15) were acquired from each sample (for example two representative 

image  are shown below Figure 3 b) and the size of the particles on the border area was 

measured. 

 

 
  
Figure 3a) Histogram showing particle size distribution of Nanocat-Fe-Mo 

 

 
 

Figure 3 b) Representative TEM image of Nanocat-Fe-Mo for histogram calculation. 
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