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ABSTRACT
The sol–gel auto-combustion method was applied for preparation of SrFe12O19 magnetic nanopar-
ticles (MNPs). Then, the prepared SrFe12O19 was analyzed by VSM, FT-IR, SEM, N2 adsorption-
desorption and XRD pattern. According to the hysteresis loops of SrFe12O19 MNPs, its magnetic
saturation was about 79 emu/g and also it is a typical feature of ferromagnetic compound. SEM
image showed semi-spherical particles with average size of 70nm. The BET surface area of
SrFe12O19 MNPs was 10.4m2/g. Moreover, the catalytic activity of SrFe12O19 MNPs was tested for
the first time toward the Betti reaction. The results showed that it is an efficient catalyst which
can be easily separated from the reaction mixture using an external magnet and gives the pure
products in high yields within short reaction time.
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Introduction

A ferrite, as a kind of ceramic compounds, is a composition
of iron oxide (Fe2O3) which can combined chemically with
different metallic elements.[1] Up to now, diverse types of
ferrite compounds have been synthesized and applied in
many research areas especially as catalysis.[2–6] Hexagonal
strontium ferrites (SrFe12O19) with a magnetoplumbite
structure have been intensively considered during the last
few decades due to their excellent properties such as rela-
tively large magnetization, superior chemical stability, super-
ior coercivity, and excellent resistivity.[7] So far, various
preparation approaches have been developed for the synthe-
sis of strontium ferrite nanoparticles which are sol–gel,[8]

hydrothermal,[9] chemical co-precipitation,[10] salt melt
methods,[11] and ball milling.[12] The best method among
the mentioned approaches is the sol–gel auto-combustion
technique because of many advantages such as relatively low
procedure temperatures, short reaction time and simple syn-
thesis. This approach involves gelling a solution of metal
salts and organic complexant following by a combustion
process to produce a fluffy product with high specific sur-
face area.

Multicomponent reaction of an aldehyde, an amine and
phenols was firstly developed by Mario Betti in the 20th
century.[13] Betti reaction produces a-aminobenzylphenols
that is a special form of the Mannich reaction. In continu-
ation of our previous works,[14–19] herein, SrFe12O19 is
synthesized, characterized and its catalytic activity is investi-
gated toward the Betti reaction.

Experimental

Materials and methods

The used chemical substances were purchased from Merck
Company. An Electrothermal 9200 apparatus was applied
for measuring melting points through the capillary tube
method. Fourier-transform (FT)-Infrared (IR) Bruker
Tensor 27 instrument and KBr disks were used for prepar-
ing IR spectra. 1H NMR (250 MHz) and 13C NMR (62.5
MHz) spectra were obtained by the use of a Bruker DPX
NMR instrument and tetramethylsilane (TMS) as internal
standard in CDCl3. A 5973/6890 network mass selective
detector (Agilent) was applied for gas chromatography-mass
spectrometry (GC-Mass) analyses. The X-ray powder diffrac-
tion (XRD) pattern of the prepared SrFe12O19 nanoparticles
was collected by a Philips X’pert MPD diffractometer using
Cu Ka radiation (k = 0.15478 nm). The scanning electron
microscopy (SEM) image was taken with SEM (MV2300).

Preparation of SrFe12O19 nanoparticles

Fe(NO3)3�9H2O and Sr(NO3)3 salts (the ratio of Fe to Sr
was 10:1) were dissolved in a minimum amount of deion-
ized water (100 mL for 0.1 mole of Fe3þ) and stirred well
on a hot plate at 60 �C.[20,21] Then, citric acid was added to
it in a proper molar ratio with metal nitrates and stirred vig-
orously. Afterward, the mixture was cooled down to ambient
temperature. Subsequently, NH4OH was added dropwise
until the pH was adjusted at 7. Then, n-
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decyltrimethylammonium bromide as a cationic surfactant
(the ratio of surfactant to strontium was 4:10) was added to
it. After evaporation of the solvent, a fluffy powder was
obtained upon ignition. The product was ground and cal-
cined at 900 �C for 1 h.

General procedure of Betti reaction

The SrFe12O19 nanoparticles (0.02 g) was activated under
reduced pressure at 100 �C and after cooling to ambient
temperature, mixture of piperidine (1.1 mmol, 0.09 g) and
aldehyde (1 mmol) was added to it. Then, the mixture was
heated for about 5 min under reflux condition, subse-
quently, 2-naphthol was added to it and the reaction was
continued at 120 �C and its completion was traced by TLC.
The obtained crude product was dissolved in minimum
amount of hot EtOH and then, SrFe12O19 MNPs was easily
separated from the solution using an external magnet. The
filtrate was cooled to gain the pure crystalline product. The
separated SrFe12O19 MNPs was washed well with hot EtOH
and dried. It can be reused without loss of significant cata-
lytic activity.

1 -((2,3-Dichlorophenyl)(piperidin-1-
yl)methyl)naphthalen-2-ol (4h)

FT-IR (KBr): tmax = 3058, 2935, 2854, 2821, 1620, 1595,
1447 cm�1. 1HNMR (250 MHz, DMSO-d6): dH = 1.47–1.72
(m, 6H, CH2), 2.35 (t, 2H, CH2), 2.59 (d, 1H, CH), 3.34 (d,
1H, CH), 5.88 (s, 1H, CH–N), 7.01–7.74 (m, 9H, Ar–H),
14.21 (s, 1H, Ar–OH). 13CNMR (62.5 MHz, DMSO-d6): dC
= 23.98, 25.92, 26.38, 49.35, 54.86, 67.05, 115.57, 12.14,
121.15, 122.63, 126.84, 128.82, 129.19, 129.81, 130.09,
132.51, 133.04, 139.42, 156.55. MS (m/e): 385 [Mþ], 265,
231, 202.

1 -((3-Nitrophenyl)(piperidin-1-yl)methyl)naphthalen-2-
ol (4i)

FT-IR (KBr): tmax = 3088, 2949, 2858, 2807, 1618, 1595,
1530 cm�1. 1HNMR (250 MHz, DMSO-d6): dH = 1.24–2.60
(m, 9H, CH2), 3.39 (bs, 1H, CH), 5.19 (s, 1H, CH-N),
7.15–8.07 (m, 9H, Ar–H), 8.40 (s, 1H, Ar–H), 13.62 (s,
1H, Ar–OH).

Results and discussion

Application of SrFe12O19 nanoparticles in Betti reaction

To study the catalytic activity of the SrFe12O19 MNPs, Betti
reaction of piperidine, aromatic aldehydes and 2-naphtol
was accomplished (Figure 1). Initially, the reaction condi-
tions were optimized, thereby, 4-chlorobenzaldehyde 2a was
selected for the reaction with piperidine 1 and 2-naphtol 3
and subjected to the mentioned conditions in Table 1 using
a catalytic amount of SrFe12O19. As shown in Table 1, the
reaction progress in the presence of solvents was not as well
as the solvent free system. Therefore, among the tested con-
ditions, solvent-free system at 120 �C provided the high
yield of the product in the presence of SrFe12O19, within the
shortest reaction time (15 min). Furthermore, the lack of
progress in reaction without the catalyst (Entry 7, Table 1)
emphasizes to this fact that the SrFe12O19 nanoparticles
accelerate the reaction.

Furthermore, to assess the generality and flexibility of
this reaction, diverse Betti products 4a–i were produced pro-
ductively under solvent-free condition. The obtained results,
summarized in Table 2, were excellent in terms of the reac-
tion times and products yields. The new products were char-
acterized by Mass, FT-IR and NMR spectroscopy data.

The plausible mechanism for the Betti reaction in the
presence of SrFe12O19 MNPs is shown in Figure 2. Initially,
SrFe12O19 MNPs acts as a Lewis acid catalyst to active the

Figure 1. Betti reaction in the presence of SrFe12O19 nanoparticles.

Table 1. Optimizing the reaction condition for the preparation of com-
pound 4a.

Entry Catalyst Solvent Condition Time (h) Yield (%)

1 SrFe12O19 H2O Reflux 1 20
2 SrFe12O19 EtOH Reflux 2 15
3 SrFe12O19 H2O/EtOH Reflux 3 15
4 SrFe12O19 – r.t N.R. –
5 SrFe12O19 – 100 �C 1 30
6 SrFe12O19 – 120 �C 15min 90
7 – – 120 �C N.R. –

Table 2. Synthesis of Betti products 4a–i in the presence of SrFe12O19

nanoparticles.

Entry No. R Time (min) Yield (%) m.p. m.p. [Ref.]

1 4a Cl 15 90 163–166 165–166[22]

2 4b H 15 91 194–197 193–195[23]

3 4c 4-OCH3 15 85 120–123 134–136[23]

4 4d 3-OCH3 15 94 155–157 151–153[23]

5 4e 2-OCH3 30 92 184–187 182–184[24]

6 4f 4-F 15 95 157–160 152–153[24]

7 4g 4-CH3 15 88 142–146 145–147[22]

8 4h 2,3-Cl 10 95 154–157 New
9 4i 3-NO2 15 95 185–187 New

2 G. MOHAMMADI ZIARANI ET AL.



carbonyl group of the aldehyde 2. Then, piperidine 1 attacks
to the activated carbonyl group followed by dehydration to
give intermediate 5. Afterwards, the 2-naphthol 3 is added
to the intermediate 5 from its position-1 to produce 6.
Furthermore, an aromatization is occurred which affords the
desired product 4.

The recyclability of SrFe12O19 MNPs as the catalyst was
also considered under the optimized conditions for the syn-
thesis of compound 4a. In this regard, the reaction was per-
formed in the first run for four times to recover about 0.07
g of SrFe12O19. Subsequently, the catalyst was washed with
hot ethanol, dried and then reused. As shown in Table 3,
within same time, the catalytic activity didn’t drop signifi-
cantly from the first run to the second, which means
SrFe12O19 MNPs is a recyclable catalyst.

Moreover, the published paper in related to the Betti
reaction (according to the Figure 1) have been compared in
Table 4. In comparison with the mentioned published meth-
ods, the use of SrFe12O19 MNPs shows several advantages
such as very simple work-up, shorter reaction time, noncor-
rosiveness catalyst and excellent yields along with gaining
the high pure products. The main advantage of current
methodology is that the magnetic catalyst could be separated
from the crude reaction mixture by the use of an external
magnet (Figure 3).

Figure 2. The suggested mechanism for Betti reaction in the presence of the SrFe12O19.

Table 3. Reuse of SrFe12O19 MNPs for the synthesis of 4a.

Entry Time (min) Yield (%)

1 15 90
2 15 83

Table 4. Comparison of different conditions in the Betti reaction to obtain
derivative 4b.

Entry Catalyst Solvent Condition Time (h)
Yield
(%) Ref.

1 Cu(OTf)2-SiO2 – 40 �C 45min 92 [23]

2 – MeCN r.t 12 80 [25]

3 LiClO4 Et2O r.t 1 65 [26]

4 – EtOH Reflux 12 90 [27]

5 Br€onsted acidic ionic
liquid catalyst

H2O r.t 4 91 [28]

6 Triton-x-100 H2O r.t 2.5 90 [29]

7 Nano-MgO H2O r.t 3 90 [30]

8 Nano-SrFe12O19 – 120 �C 15min 91 This work Figure 3. Separated SrFe12O19 from the reaction mixture using an
external magnet.

Figure 4. XRD pattern of SrFe12O19 nanoparticles.
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Characterization of the SrFe12O19 nanoparticles
The XRD pattern of the prepared SrFe12O19 MNPs is shown
in Figure 4. The XRD pattern of SrFe12O19 crystal with a
magnetoplumbite structure showed twelve characteristic
peaks including 2h = 30.55�, 32.53�, 34.39�, 35.47�, 37.33�,
40.63�, 42.67�, 55.51�, 57.01�, 63.37�, 67.87� and 72.85�

which can be indexed to the (110), (107), (114), (201),
(203), (205), (206), (217), (304), (220), (2014) and (317) lat-
tice planes, respectively. Comparing the XRD results with
literature[31] demonstrates the successful formation of
SrFe12O19 MNPs.

Furthermore, the SEM image (Figure 5-Left) of SrFe12O19

nanoparticles shows semi-spherical particles. The average
particle size was calculated as 65 nm of diameter which is
displayed in the particles size distribution curve in Figure 5-
Right. The standard deviation for about 70 randomly
selected particles was determined as 8.02.

The FT-IR spectrum of the SrFe12O19 nanoparticles is
shown in Figure 6. The wide band around 3421 cm�1 relates
to the stretching vibration of OH stretching of the adsorbed
water molecules, the OH group on the nanoparticles’ sur-
face, and the carboxyl of citric acid. The spectrum displays
very weak bands between 840 and 1077 cm�1 which assign
to the vibrations of nitrate groups (remaining from the

initial reactant). The bands at 1456 and 859 cm�1 are attrib-
uted to strontium carbonate. The sharp bands at 441, 551,
601 cm�1 belong to the vibrations of Fe-O in the structure
of SrFe12O19. All these observations are in accordance with
the results obtained by Jean et al.[32] It is noteworthy to
emphasize that the bands for nitrate (1350 cm�1) and citric
acid (1742 cm�1) are weak because they were reduced and
oxidized, respectively, during the combustion reaction.
Moreover, citric acid not only is the better complexing
agent, compared to the other routine organic acid such as
oxalic acid,[33] but also can act as a fuel source.[20]In add-
ition, it can be claimed that surfactant releases heat in the
exothermic reaction which is sufficient to complete the com-
bustion process, thus, it can be act as a fuel in addition to
this fact that that surfactant in the gel makes the particle
size of product much smaller.[21,34]

The hysteresis loops and magnetic properties of
SrFe12O19 MNPs were examined by VSM at ambient tem-
perature. As shown in Figure 7 the magnetic saturation of
the compound is about 79 emu/g. According to the hyster-
esis loops, it was found that SrFe12O19 MNPs is a typical
feature of ferromagnetic compound.

Figure 8 displays the N2 adsorption–desorption isotherm
of the SrFe12O19 MNPs. The observed isotherm is classified

Figure 5. SEM image of SrFe12O19 nanoparticles.

Figure 6. FT-IR spectrum of the SrFe12O19 nanoparticles.
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as III-type by IUPAC; accordingly, SrFe12O19 MNPs is a
non-porous material which only has external surface. The
BET surface area of SrFe12O19 MNPs was calculated as 10.4
m2/g.

Conclusion

In conclusion, our work presents the synthesis of SrFe12O19

nanoparticles and its new application as a green magnetic
Lewis acid catalyst for the synthesis of a-aminobenzylphenols
through the solvent-free Betti reaction. The SrFe12O19 nano-
particles can be separated from the reaction mixture by the
use of an external magnet and also are recyclable which
makes it as an eco-friendly catalyst.

Acknowledgments

We gratefully acknowledge the financial support from the Research
Council of Alzahra University and the University of Tehran.

ORCID

Ghodsi Mohammadi Ziarani http://orcid.org/0000-0001-5177-7889
Alireza Badiei http://orcid.org/0000-0002-6985-7497

References

[1] Viswanathan, B.; Murthy, V. Ferrite Materials: Science and
Technology, Springer Verlag: New York, 1990.

[2] Abrishami, F.; Ebrahimikia, M.; Rafiee, F. Synthesis of 5-substi-
tuted 1H-tetrazoles using a recyclable heterogeneous nanonickel
ferrite catalyst. Appl. Organometal. Chem. 2015, 29, 730–735.
DOI: 10.1002/aoc.3358.

[3] Kulkarni, A. M.; Pandit, K. S.; Chavan, P. V.; Desai, U. V.;
Wadgaonkar, P. P. Cobalt ferrite nanoparticles: a magnetically
separable and reusable catalyst for Petasis-Borono-Mannich
reaction. RSC Adv. 2015, 5, 70586–70594. DOI: 10.1039/
C5RA10693A.

[4] Wolska, J.; Przepiera, K.; Grabowska, H.; Przepiera, A.;
Jabło�nski, M.; Klimkiewicz, R. ZnFe2O4 as a new catalyst in the
C-methylation of phenol. Res. Chem. Intermed. 2008, 34, 43–51.
DOI: 10.1007/BF03039134.

[5] Xian, T.; Yang, H.; Di, L. J.; Dai, J. F. Graphene-assisted
Enhancement of Photocatalytic Activity of Bismuth Ferrite
Nanoparticles. Res. Chem. Intermed. 2015, 41, 433–441. DOI:
10.1007/s11164-013-1204-2.

[6] Ahankar, H.; Ramazani, A.; Joo, S. W. Magnetic nickel ferrite
nanoparticles as an efficient catalyst for the preparation of poly-
hydroquinoline derivatives under microwave irradiation in solv-
ent-free conditions. Res. Chem. Intermed. 2016, 42, 2487–2500.
DOI: 10.1007/s11164-015-2163-6.

[7] Pullar, R. C. Hexagonal ferrites: a review of the synthesis, prop-
erties and applications of hexaferrite ceramics. Prog. Mater Sci.
2012, 57, 1191–1334. DOI: 10.1016/j.pmatsci.2012.04.001.

[8] Yongfei, W.; Qiaoling, L.; Cunrui, Z.; Hongxia, J. Preparation
and magnetic properties of different morphology nano-
SrFe12O19 particles prepared by Sol–gel method. J. Alloys
Compd. 2009, 467, 284–287. DOI: 10.1016/j.jallcom.2007.12.037.

[9] Tang, X.; Hong, R. Y.; Feng, W. G.; Badami, D. Ethylene glycol
assisted hydrothermal synthesis of strontium hexaferrite nano-
particles as precursor of magnetic fluid. J. Alloys Compd. 2013,
562, 211–218. DOI: 10.1016/j.jallcom.2013.02.049.

[10] Javed Iqbal, M.; Naeem Ashiq, M.; Hussain Gul, I. Physical,
electrical and dielectric properties of Ca-substituted strontium
hexaferrite (SrFe12O19) nanoparticles synthesized by co-precipi-
tation method. J. Magn. Magn. Mater. 2010, 322, 1720–1726.

[11] Guo, Z.-B.; Ding, W.-P.; Zhong, W.; Zhang, J.-R.; Du, Y.-W.
Preparation and magnetic properties of SrFe12O19 particles pre-
pared by the salt-melt method. J. Magn. Magn. Mater. 1997,
175, 333–336.

[12] Ketov, S. V.; Yagodkin, Y. D.; Lebed, A. L.; Chernopyatova,
Y. V.; Khlopkov, K. Structure and magnetic properties of nano-
crystalline SrFe12O19 alloy produced by high-energy ball milling
and annealing. J. Magn. Magn. Mater. 2006, 300, e479–e481.
DOI: 10.1016/j.jmmm.2005.10.199.

[13] Betti, M. General condensation reaction between b-naphthol,
aldehydes and amines. Gazz. Chim. Ital. 1900, 30, 310–316.

[14] Asadi, S.; Mohammadi Ziarani, G.; Rahimifard, M.; Abolhassani
Soorki, A. A green one-pot synthesis of spironaphthopyr-
ano[1,2-b]indeno-7,30-indolines. Res. Chem. Intermed. 2015, 41,
6219–6227. DOI: 10.1007/s11164-014-1734-2.

[15] Mohammadi Ziarani, G.; Moradi, R.; Badiei, A.; Lashgari, N.;
Moradi, B.; Abolhasani Soorki, A. Efficient green synthesis of
3,3-di(indolyl)indolin-2-ones using sulfonic acid functionalized
nanoporous SBA-Pr-SO3H and study of their antimicrobial
properties. J. Taibah Univ. Sci. 2015, 9, 555–563. DOI: 10.1016/
j.jtusci.2014.11.009.

[16] Afsar, S. Y.; Mohammadi Ziarani, G.; Mollabagher, H.;
Gholamzadeh, P.; Badiei, A.; Soorki, A. A. Application of SBA-
Pr-SO3H in the synthesis of 2, 3-dihydroquinazoline-4(1H)-
ones: characterization, UV–Vis investigations and DFT studies.
J. Iran. Chem. Soc. 2017, 14, 577–583. DOI: 10.1007/s13738-
016-1006-8.

[17] Gholamzadeh, P.; Mohammadi Ziarani, G.; Lashgari, N.; Badiei,
A.; Shayesteh, A.; Jafari, M. A simple colorimetric chemosensor

Figure 7. The room temperature hysteresis loops of SrFe12O19 nanoparticles.

Figure 8. N2 adsorption/desorption isotherms and BJH pore size distributions
of the SrFe12O19 MNPs.

INORGANIC AND NANO-METAL CHEMISTRY 5

https://doi.org/10.1002/aoc.3358
https://doi.org/10.1039/C5RA10693A
https://doi.org/10.1039/C5RA10693A
https://doi.org/10.1007/BF03039134
https://doi.org/10.1007/s11164-013-1204-2
https://doi.org/10.1007/s11164-015-2163-6
https://doi.org/10.1016/j.pmatsci.2012.04.001
https://doi.org/10.1016/j.jallcom.2007.12.037
https://doi.org/10.1016/j.jallcom.2013.02.049
https://doi.org/10.1016/j.jmmm.2005.10.199
https://doi.org/10.1007/s11164-014-1734-2
https://doi.org/10.1016/j.jtusci.2014.11.009
https://doi.org/10.1016/j.jtusci.2014.11.009
https://doi.org/10.1007/s13738-016-1006-8
https://doi.org/10.1007/s13738-016-1006-8


for naked eye detection of cyanide ion. J. Fluoresc. 2016, 26,
1857–1864.

[18] Mohammadi Ziarani, G.; Ghorbi, S.; Gholamzadeh, P.; Badiei,
A. Application of SBA-Pr-SO3H as a solid acid nanoreactor in
the Biginelli reaction. Iran. J. Catal. 2016, 6, 229–235.

[19] Lashgari, N.; Badiei, A.; Mohammadi Ziarani, G. A novel func-
tionalized nanoporous SBA-15 as a selective fluorescent sensor
for the detection of multianalytes (Fe3þ and Cr2O7

2�) in water.
J. Phys. Chem. Solids 2017, 103, 238–248. DOI: 10.1016/
j.jpcs.2016.11.021.

[20] Ghobeiti Hasab, M.; Seyyed Ebrahimi, S. A.; Badiei, A. An
investigation on physical properties of strontium hexaferrite
nanopowder synthesized by a sol–gel auto-combustion process
with addition of cationic surfactant. J. Eur. Ceram. Soc. 2007,
27, 3637–3640. DOI: 10.1016/j.jeurceramsoc.2007.02.004.

[21] Alamolhoda, S.; Seyyed Ebrahimi, S. A.; Badiei, A. A study on
the formation of strontium hexaferrite nanopowder by a sol–gel
auto-combustion method in the presence of surfactant. J. Magn.
Magn. Mater. 2006, 303, 69–72. DOI: 10.1016/j.jmmm.2005.
10.194.

[22] Jha, A.; Paul, N. K.; Trikha, S.; Cameron, T. S. Novel synthesis
of 2-naphthol Mannich bases and their NMR behaviour. Can. J.
Chem. 2006, 84, 843–853. DOI: 10.1139/v06-081.

[23] Dindulkar, S. D.; Puranik, V. G.; Jeong, Y. T. Supported copper
triflate as an efficient catalytic system for the synthesis of highly
functionalized 2-naphthol mannich bases under solvent free
condition. Tetrahedron Lett. 2012, 53, 4376–4380. DOI:
10.1016/j.tetlet.2012.06.022.

[24] Shaterian, H. R.; Mohammadnia, M. Nanocrystalline
TiO2–HClO4 catalyzed three-component preparation of deriva-
tives of 1-amidoalkyl-2-naphthol, 1-carbamato-alkyl-2-naphthol,
1-(a-aminoalkyl)-2-naphthol, and 12-aryl-8,9,10,12-tetrahydro-
benzo[a]-Xanthen-11-One. Res. Chem. Intermed. 2013, 39,
4221–4237. DOI: 10.1007/s11164-012-0938-6.

[25] Grumbach, H.-J.; Arend, M.; Risch, N. Aminoalkylation of elec-
tron-rich aromatic compounds using performed iminium salts
derived from aldehydes other than formaldehyde. Synthesis
1996, 1996, 883–887. DOI: 10.1055/s-1996-4301.

[26] Saidi, M. R.; Azizi, N.; Naimi-Jamal, M. R. Lithium perchlorate
assisted one-pot three-component aminoalkylation of electron-
rich aromatic compounds. Tetrahedron Lett 2001, 42,
8111–8113. DOI: 10.1016/S0040-4039(01)01732-4.

[27] Periasamy, M.; Anwar, S.; Reddy, M. N. Simple and convenient
methods for synthesis, resolution and application of amino-
naphthols. Indian J. Chem. B 2009, 48, 1261.

[28] Kore, R.; Srivastava, R. Synthesis and applications of novel
imidazole and benzimidazole based sulfonic acid group func-
tionalized Br€onsted acidic ionic liquid catalysts. J. Mol. Catal.
A: Chem. 2011, 345, 117–126. DOI: 10.1016/
j.molcata.2011.06.003.

[29] Kumar, A.; Gupta, M. K.; Kumar, M. Non-ionic surfactant cata-
lyzed synthesis of Betti base in water. Tetrahedron Lett. 2010,
51, 1582–1584. DOI: 10.1016/j.tetlet.2010.01.056.

[30] Karmakar, B.; Banerji, J. A competent pot and atom-efficient
synthesis of Betti bases over nanocrystalline MgO involving a
modified mannich type reaction. Tetrahedron Lett. 2011, 52,
4957–4960. DOI: 10.1016/j.tetlet.2011.07.075.

[31] Kaczmarek, W. A.; Idzikowski, B.; M€uller, K.-H. XRD and
VSM study of Ball-milled SrFe12O19 powder. J. Magn. Magn.
Mater. 1998, 177-181, 921–922. DOI: 10.1016/S0304-
8853(97)00839-1.

[32] Jean, M.; Nachbaur, V.; Bran, J.; Le Breton, J.-M. Synthesis and
characterization of SrFe12O19 powder obtained by hydrothermal
process. J. Alloys Compd. 2010, 496, 306–312. DOI: 10.1016/
j.jallcom.2010.02.002.

[33] Ghobeiti Hasab, M.; Seyyed Ebrahimi, S. A.; Badiei, A. Effect of
different fuels on the strontium hexaferrite nanopowder synthe-
sized by a surfactant-assisted sol–gel auto-combustion method.
J. Non-Cryst. Solids 2007, 353, 814–816. DOI: 10.1016/
j.jnoncrysol.2006.12.048.

[34] Alange, R. C.; Khirade, P. P.; Birajdar, S. D.; Jadhav, K. M.
Influence of Al–Cr co-substitution on physical properties of
strontium hexaferrite nanoparticles synthesized by sol–gel auto
combustion method. J. Mater. Sci: Mater. Electron. 2017, 28,
407–417. DOI: 10.1007/s10854-016-5537-7.

6 G. MOHAMMADI ZIARANI ET AL.

https://doi.org/10.1016/j.jpcs.2016.11.021
https://doi.org/10.1016/j.jpcs.2016.11.021
https://doi.org/10.1016/j.jeurceramsoc.2007.02.004
https://doi.org/10.1016/j.jmmm.2005.10.194
https://doi.org/10.1016/j.jmmm.2005.10.194
https://doi.org/10.1139/v06-081
https://doi.org/10.1016/j.tetlet.2012.06.022
https://doi.org/10.1007/s11164-012-0938-6
https://doi.org/10.1055/s-1996-4301
https://doi.org/10.1016/S0040-4039(01)01732-4
https://doi.org/10.1016/j.molcata.2011.06.003
https://doi.org/10.1016/j.molcata.2011.06.003
https://doi.org/10.1016/j.tetlet.2010.01.056
https://doi.org/10.1016/j.tetlet.2011.07.075
https://doi.org/10.1016/S0304-8853(97)00839-1
https://doi.org/10.1016/S0304-8853(97)00839-1
https://doi.org/10.1016/j.jallcom.2010.02.002
https://doi.org/10.1016/j.jallcom.2010.02.002
https://doi.org/10.1016/j.jnoncrysol.2006.12.048
https://doi.org/10.1016/j.jnoncrysol.2006.12.048
https://doi.org/10.1007/s10854-016-5537-7

	Abstract
	Introduction
	Experimental
	Materials and methods
	Preparation of SrFe12O19 nanoparticles
	General procedure of Betti reaction
	-((2,3-Dichlorophenyl)(piperidin-1-yl)methyl)naphthalen-2-ol (4h)
	-((3-Nitrophenyl)(piperidin-1-yl)methyl)naphthalen-2-ol (4i)

	Results and discussion
	Application of SrFe12O19 nanoparticles in Betti reaction
	Characterization of the SrFe12O19 nanoparticles


	Conclusion
	Acknowledgments
	References


