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ABSTRACT 

An efficient and simple procedure for the direct synthesis of Aromatic Nitriles from Aldehydes, 
Hydroxylamine Hydrochloride is described using magnetic material separated from coal fly ash. 
Coal fly ash is a waste material generated in huge amount by burning of coal for the generation of 
electricity in thermal power station. It contains SiO2, Al2O3 and magnetic material in significant 
amounts, from which magnetic material was separated by using magnetic separation method.  
These separated magnetic material further characterized by XPS, XRD, EDS, FTIR, SEM, TEM and 
BET techniques. The merits of present method are solvent free reaction conditions, and also 
excellent yields and short reaction times. 
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1. INTRODUCTION 

 Nitriles are key constituents in numerous 
natural products and a variety of biologically 
active compounds. [1,2] They are used for 
preparation of oxazoles [3] tetrazoles [4,5] thiazoles 
[1] and 2-oxazolines. [6] A number of methods have 
been reported in the literature for the preparation 
of nitriles from aldehyde including dehydration of 
the corresponding aldoximes [7] and using 
reagents such as oxalyl chloride [8] Burgess 
reagents [9] [Bis(trifluoroacetoxy)iodo]benzene [10] 
NH3/I2 in tetrahydrofuran (THF)- water [11] 
NaHSO4/SiO2 [12]  MeSO2Cl [13] silica gel [14] and 
Zeolite [15] and microwave irradiation. [16] Another 
reported method for nitrile compound synthesis is 
the one-pot reaction of aldehyde with 
hydroxylamine using acetyl chloride/charcoal [17] 
polymer-supported reagent [18] and acetic 
anhydride. [19] Dewan, et al. reported a one-pot 
conversion of benzaldehyde and hydroxylamine 
hydrochloride to nitriles using Na2SO4 [20] NaHCO3 
[20] Silica gel [21] Montmorillonite K-10 [22] and KSF 
[22] in dry media under microwave irradiation. 
Some of these methods suffer from limitations 
such as corrosive, toxic, expensive or 
commercially unavailable reagents, excess 
stoichimetric and no reusability of reagents, 
vigorous reaction condition, unsatisfactory yields 
and tendious work up. So, there exists a need for 

developing rapid and facile methods for one pot 
synthesis of nitriles. 

Coal fly ash is waste product of coal 
combustion processes in a coal – fired thermal 
power stations. Large quantities of coal fly ash are 
produced in electric power plants throughout the 
world every year. The amount of coal fly ash 
formed is approximately 500 million tones per 
year and likely to increase. The global recycling 
rate of fly ash is only 15%. [23] It is being consumed 
in the production of constructions materials, in 
agriculture, metal recovery, in water and 
atmospheric pollution control etc. [24] These 
applications could successful up to some extent to 
consume part of the huge amount of fly ash. 
Nevertheless, the search of new applications of the 
fly ash as either catalyst or as catalyst support 
material is still ongoing. Literature survey reveals 
that the fly ash is used as adsorption catalyst for 
the removal of dyes, [25] heavy metals [26] etc. 
Major constituents of coal fly ash are SiO2, Al2O3 
and Fe2O3, Fe3O4. After high temperature 
combustion, these oxides are formed with high 
thermal stability. Utilization of fly ash for other 
industrial applications provides a cost effective 
and environmentally benign way of recycling this 
solid waste. Currently researchers have focused 
on how to improve the capability of fly ash 
through proper beneficiation techniques in order 
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to increase its catalytic activity. Literature survey 
reports the catalytic role of activated or modified 
fly ash for different reactions such as oxidation [27], 
dechlorination [28], condensation and 
rearrangement reactions. [29] Fly ash is chemically 
activated by acid and used for esterification [30] 
etc. Separation of magnetic material from fly ash is 
carried out by using magnetic separation method. 
Magnetic nanoparticles represent a set of unique 
building blocks whose size and composition are 
tunable to meet the requirements for a range of 
applications including magnetic fluids, catalysis, 
data storage, biomedicine, and toxic waste 
remediation. [31] The most common methods used 
to prepare ferrite complex oxides are co-
precipitation, sol-gel method, micro-emulsion etc. 
However, major drawback of these required 
precursors is the high starting costs of the raw 
materials that results in high production cost and 
also traditional process. To overcome these 
difficulties, the best alternative source is the coal 
fly ash which is the waste product of coal 
combustion in thermal power station. In the 
present work, separated magnetic material is 
characterized and used as catalyst for a simple, 
facile synthesis of Aromatic nitriles via two 
component reaction Aromatic aldehydes and 
Hydroxylamine hydrochloride (Scheme 1).  
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Scheme - 1: Synthesis of aromatic nitriles using 

magnetic material as catalyst.  

2.EXPERIMENTAL 

2.1. Materials  

The coal fly ash was obtained from 
thermal power station, Parli-Vaijnath, District- 
Beed, Maharashtra state, India. Other chemicals 
used were of synthesis grade reagents (Merck) 
and used as such, without further purification. 

2.2. Isolation of magnetic material from fly ash  

The coal fly ash slurry was prepared in 
clean 500 mL beaker by mixing coal fly ash with 
deionized water in 1:6 Wt / Vol ratio. The slurry 
was stirred magnetically using magnetic stir bar 
for 20-30 minutes, during stirring the magnetic 
material present in the slurry was attached on the 
surface of magnetic stir-bar, which was removed 
and collected several times till the magnetic 
material was separated completely, which was 
then dried in an oven at 120 0C for 2h and used as 
catalytic material. 

 

Figure - 1: photographs of a) coal fly ash b) 

isolated magnetic material from fly ash 

2.3. Catalyst characterization 

The X-ray diffraction (XRD) patterns of 
catalysts were recorded on a Bruker D8 advance 
X-ray diffractometer using Cu-Kα radiation with a 
wavelength of 1.540 A0. Infrared (FT-IR) spectra 
were recorded on a FT-IR spectrometer (JASCO, 
FT-IR, Japan) using dry KBr as a standard 
reference in the range of 500-4000 cm-1. The 
scanning electron microscopic (SEM) analyses 
were carried out with a JEOL JSM-6330 LA 
operated at 20.0kV and 1.0 nA. The elemental 
composition of the metal in the fresh fly ash and in 
magnetic material was estimated using an energy 
dispersive spectrophotometer (EDS). Brunnauer 
Emmett- Teller (BET) surface area was carried out 
on Quanta chrome CHEMBET 3000. X-ray 
photoelectron spectroscopy (XPS, ESCA-3000-VG, 
Uckfield, UK) was used to study the chemical 
composition of the sample. The morphology of 
material was also characterized with CM-200 
PHILIPS transmission electron microscopy (TEM) 
operated at 200 kV and resolution, 0.23 nm. 1H 
NMR spectra of quinoxaline derivatives were 
recorded on an 200 MHz FT-NMR spectrometer in 
CDCl3 as a solvent and chemical shifts values δ 
(ppm) are recorded relative to tetramethylsilane 
(Me4Si) as an internal standard. 

2.4. Reaction procedure for synthesis of nitrile 

A mixture of an Aromatic aldehydes (2 
mmol) and hydroxylamine hydrochloride (2 
mmol) and magnetic material (0.1g) were taken in 
round bottle flask  heated at 50-60 °C in oil bath 
for appropriate time. When reaction was 
completed, as indicated by TLC, the product was 
extracted with ethyl acetate and then filtered. The 
solvent was removed under reduced pressure to 
afford nitriles. 

2.5. Spectroscopic data of compound 

4-methoxy benzonitrile (3b): IR (KBr) 
νmax/ cm-1 2937, 2226, 1645, 1606, 1509, 1573, 
125; 1H NMR (CDCl3,200 MHz): δ 3.85 (s) 3H, 6.90 
(d) J = 6Hz, 2H, 7.60 (d) J = 6Hz, 2H. 

3. RESULTS AND DISCUSSION 
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3.1. EDS analysis 

Fresh fly ash and magnetic material was 
analyzed qualitatively and quantitatively by EDS 
method are shown in table 1. Magnetically 
isolated material contains an increased amount of 
iron (33.86%) as compared to fresh fly ash 
(4.72%).  

Table - 1: Chemical composition of fresh fly 

ash and magnetic material 

Elements 

Mass % of 

Fresh  fly 

ash 

Mass % of 

Magnetic 

material 

O 46.98 34.07 

Na 0.25 0.54 

Al 15.08 10.92 

Si 28.12 20.61 

Fe 4.72 33.86 

Ca 2.18 - 

K 0.94 - 

Mg 0.48 - 

Ti 1.25 - 

Total 100 100 

3.2. XRD analysis 

X-ray diffraction analysis was performed 
to understand the morphological nature of the fly 
ash and magnetic material. Figure 2a shows the 
XRD pattern for untreated fly ash. It is found that 
all the reflection peaks at 2θ = 160, 20.80, 23.20, 
26.30, 30.50, 33.10, 36.10, 39.20, 40.70, 42.30, 45.60, 
500, 51.90, 54.50, 57.40 and 59.80 corresponds to 
the (011), (-111), (-101), (021), (111), (-131), 
(030), (-230) (-231) (-222), (-240), (-124), (-233) 
(-250), (015) and (-311) planes and which 
indicates  the crystalline monoclinic nature of 
fresh fly ash (JCPDS No. 860680) and lattice 
parameter a=5.0 b=8.6 c=8.2 Å. Whereas (Fig. 2b) 
shows the XRD pattern for magnetic material and 
It was found that the sharp reflection peaks at 2θ 
= 33.20, 39.30, 46.20, 65.80, 75.20, 79.40, 91.40, 
107.80, 111.50 and 138.40 corresponds to the 
(104), (006), (007), (118), (217), (1110), (402), 
(407), (413) and (420) planes which indicates 
highly crystalline hexagonal structure of ferrite 
type material (JCPDS No. 860550) and a=b=5.035 
c=13.74 Å.  

3.3. Crystallite size determination 

The crystalline nature and the crystallite 
size of the sample was analyzed by X-ray 
diffraction data. The particle size of the material 
plays an important role in determining the 
reactivity of fresh coal fly ash and isolated 
magnetic material. It was observed that the 

particles with smaller size exhibited higher 
reactivity due to availability of higher specific 
surface area. [32] Generally, the crystallite size was 
estimated by Debye-Scherrer equation (T = 
0.94λ/βcosθ), [33] where T is the particle size, λ is 
the wavelength, θ is the diffraction angle and β is 
(FWHM). The mean crystallites size of fresh fly ash 
is 50 nm and magnetic material is 10 nm. 

 

Figure - 2:  X-ray diffraction pattern of a) fresh 

fly ash b) magnetic material. 

3.4. XPS analysis 

Although the XRD pattern of the samples 
(Figure 2b) clearly show the hexagonal structure, 
it is very difficult to exclude the possibility of the 
γ- Fe2O3 phase in the separated magnetic Fe3O4 

phase similarity. XPS is one of the most effective 
way to distinguish the two phases because it is 
very sensitive to Fe2+ and Fe3+ cations.  In (Figure 
3c) the levels of Fe 2p3/2 and Fe 2p1/2 have binding 
energies 711 and 720 eV respectively. It conform 
the presence of Fe3O4  phase, [34,35] (Figure 3b) 
shows binding energy of Si (2p) at 102.9 eV, and 
(Figure 3a and Fig 3d) shows absorption peaks of 
Al (2p) and O (1s) are at 74.84 and 531.9 eV 
respectively. 
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Figure - 3: High-resolution XPS spectra of 

magnetic material contains a) Al (2p) XPS 

spectra, (b) Si (2p) XPS spectra, (c) Fe(2p) XPS 

spectra, and (d) O1s XPS spectra. 

3.5. TEM analysis 

The TEM images (Figure 4) shows the 
presence of small spherical particles. From TEM 
images, measured diameter of particles is ~10 nm, 
which is consistent with the results of XRD 
analysis. Electron diffraction pattern of magnetic 
material (Figure 4d) reveals that the sample is 
polycrystalline, which can be indexed to the 
hexagonal structure of magnetic material and 
accord with the XRD result. TEM image also show 
that the magnetic material is roughly spherical in 
shape. Usually, spherical shapes are formed 
because the nucleation rate, per unit area is 
isotopic at the interface between the Fe3O4 
magnetic nanoparticles. [34] Materials are magnetic 
in nature as well as nano-sized particles are 
known to have very large surface areas hence, 
catalytic material will also have high surface 
energy. Consequently, these fine spherical 
particles have coated with aluminum silicate 
network and form aggregated nano-particles. The 
dark iron center and white aluminum silicate 
surface of particles are visible.  

 

 

 

 

 

Figure - 4: TEM images (a, b, c) of magnetic 

material and d) Diffraction pattern of magnetic 

material. 

3.6. SEM analysis 

(Figure 5a) SEM image of fresh fly ash 
shows hollow cenospheres, irregularly shaped, 
mineral aggregates and agglomerated particles. 
Similar particles were also observed in other 
reported micrographs. [31] SEM image of magnetic 
material (Figure 5b) shows sub-angular and 
spherical particles, increase in spheriodal nature 
of the magnetic material due to the magnetic 
separation method. 
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Figure - 5: SEM images of a) fresh fly ash b) 

magnetic material. 

3.7. BET analysis 

The specific surface area of fresh fly ash 
and magnetic material are 1.6233m2/g and 
105m2/g respectively. Thus magnetic material 
provided surface for reactant to adsorbed and 
decrease the time to convert reactant to desired 
product. 

3.8. FT-IR analysis 

The FT-IR spectrum of fresh fly ash in 
(Figure 6a) shows a broad band at 1060 cm-1 is 
attributed to Si-O-Si stretching vibrations. (Figure 
6b) shows the IR spectrum of magnetic material. 
The bands absorptions at 1078, 784, 560 cm-1, 
3437 cm-1 and 1634 cm-1. The 1078 cm-1 is due to 
the asymmetric stretching of Si-O-Si bands of the 
SiO4 tetrahedron. The 784 cm-1 band is composed 
of the contributions from Si-O-H and Si-O-Fe 
vibrations, and the band at 560 cm-1 is related 
with the Fe-O stretching. [36,37] The IR spectrum of 
magnetic material also shows a broad intense 
band at 3457 cm-1 due to hydroxyl groups on the 
catalyst surface and peak at 1634 Cm-1 is 
attributed to bending mode (δ O-H). [38] It is 
assumed that during the process of burning of coal 
at high temperature there is conversion of Fe2O3 
into Fe3O4 which may be coated around 
aluminosilicate framework. However, these peaks 
are absent in the FT-IR spectrum of the fresh fly 
ash (Figure 6a) which do not posses any catalytic 
activity. 

 

Figure - 6: The FT-IR spectra of a) fresh fly ash 

b) magnetic material. 

3.9. Study of pyridine adsorption: 

The probe of our catalyst acidity and 
basicity was briefly elucidate by pyridine 
adsorption, which was carried out taking small 
amount of catalyst and evacuation was done at 
room temperature for 24 h and second at 150 °C 
for 2h. FTIR spectrum of catalyst obtained with 
evacuation at room temperature (Figure 7a) 
shows intensive bands at 1536 and 1444 cm-1 are 

indicating the presence of Bronsted and Lewis 
acid sites, respectively on catalyst surface, with 
which pyridine forms coordination bonds. [39,40] 
However, a third band at 1482 cm-1 is widely 
believed to be the result of a combined 
contribution of Bronsted and Lewis acid sites.41 
The spectrum also shows bands 3517, 3610 and 
3710 cm-1 was due to present of bronsted acidic 
sites or hydroxyl group on catalyst surface. [42,43] 
However spectrum (Figure 7 b) obtained after 
evacuation at 150 °C for 2h the band 1536 cm-1 

was disappeared  and  band 1631 cm-1 appear due 
to the presence of strong proton centers on the 
catalyst surface, with which pyridine molecules 
can interact with a creation of Py H+. [39-41] The 
spectrum also shows bands in region 3500-3700 
cm-1 was due to present of bronsted acidic sites or 
hydroxyl group on catalyst surface. Pyridine 
adsorption study shows that catalyst posses both 
Lewis acidic sites and Bronsted acidic sites. 

  

 

Figure - 7: FT-IR spectrum of pyridine 

adsorbed on the magnetic material a) at RT 

and b) at 150 °C. 

3.10. Catalytic activity results   

Investigations were initiated with 4-
methoxy benzaldehyde being chosen as model 
compound. It was condensed with hydroxylamine 
hydrochloride in the presence of magnetic 
material, solvent free condition at 50-60 °C in an 
oil bath using different amounts of catalyst (Table 
2). It is observed that 0.1 g catalyst is sufficient for 
this reaction with 85% yield; increasing amount of 
catalyst has not shown any enhancement in the 



Research Article                                                                                                         www.ijcps.com 

80 

 

yield. Hence, all the subsequent reactions were 
carried out under these reaction conditions. A 
variety of the substituted aromatic aldehydes 
were converted in to nitriles. The reactions were 
monitored by TLC. The product yield and reaction 
times are shown in table 3. All the products are 
known compounds and were identified on the 
basis of their spectroscopic analyses and by direct 
comparison of their M.P. with those of the 
authentic samples. It should be noted that the 
nitriles were not formed under identical reaction 
conditions in the absence of the catalysts. 

Table - 2: Optimization of the amount of 

magnetic material for synthesis of nitrilesa 

Entry Amount Time (min) Yield (%)b 

1 
Without 
catalyst 

40 No reaction 

1 0.05 10 50 

2 0.1 3 85 

3 1.5 3 85 

4 0.2 3 85 

aReaction condition: 4-methoxy benzaldehyde 
(2 mmol), hydroxylamine hydrochloride (2 
mmol), magnetic material 0.1 g, heated at 50-
60°C in oil bath; bIsolated yield 

 

Table 3 Synthesis of nitriles catalyzed by magnetic 
material in solvent free conditiona 

Entry R 
Time 

(Min). 

Yield 

(%)b 

M.P. 

Observed Literature 

3a 4-Cl 4 90 93-94 95-96 [44] 

3b 
4-

OCH3 
3 85 57-59 62-63 [44] 

3c 4-CH3 4 85 215-217 218 [44] 

3d 4-OH 4 90 110 110 [22] 

3e 2-Cl 5 80 43-46 46-47 [44] 

3f 
4-

NO2 
4 90 146-149 147 [44] 

3g 
3-

NO2 
5 75 115-117 115 [44] 

aReaction condition: 1 (2 mmol), 2 (2 mmol), 
magnetic material 0.1 g, heated at 50-60°C in oil 
bath; bIsolated yield 

3.11. Catalyst recovery and reusability 

Finally, the recovery and reusability of 
catalytic material was examined. The catalyst was 
separated, washed with n-hexane, dried at 60°C 
and activated at 120 °C for 1h before catalytic run. 
The reusability of the catalyst was examined for 
the reaction 4-methoxy benzaldehyde and 
hydroxylamine hydrochloride for three cycles 

with almost consistent activity. The results are 
summarized in table 4.  

Table - 4: Reusability of magnetic material in 

the reaction of 4-methoxy benzaldehyde and 

hydroxylamine hydrochloridea 

Entry Cycle Yield (%)b 

1 Fresh 85 

2 First 85 

3 Second 80 

4 Third 80 
aReaction condition: 4-methoxy benzaldehyde (2 
mmol), hydroxylamine hydrochloride (2 mmol), 
magnetic material 0.1 g, heated at 50-60°C in oil 
bath; bIsolated yield 

4. CONCLUSION 

The present procedure using an easily 
accessible and inexpensive magnetic material as 
catalyst for the conversion of aromatic aldehydes 
in to nitriles provides a novel protocol. This 
procedure offers marked improvements with 
regard to operational simplicity, high yields (75–
90%) of products and mild reaction conditions. 
The catalytic material is easily obtained from the 
waste of power plants and proved to be efficient 
catalyst on the basis of conversion of reactants to 
products, this observation can be used to 
understand the cost effectiveness of the reaction. 
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