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magnetic graphene oxide  (Fe3O4@DETA@GO) was used 
as a heterogeneous base catalyst for the Knoevenagel con-
densation. The composite demonstrated outstanding cata-
lytic performance with easy recovery and reusability.

Abstract A rapid and facile one-step microwave-assisted 
hydrothermal approach was developed for the synthesis of 
diethylenetriamine (DETA)-functionalized graphene oxide 
decorated with  Fe3O4 nanoparticles. This DETA-modulated 
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1 Introduction

The Knoevenagel condensation, is a widely used reaction 
in organic chemistry for the synthesis of unsaturated car-
bonyl compounds. Due to its extended synthetic utility, a 
large number of reaction systems including solvent free and 
catalyst free ones have been developed for this reaction. 
However, most of the currently used methods catalyzed 
under homogeneous conditions and consequently the diffi-
culty to reuse of the catalyst, high-power microwaves, long 
periods of reaction time and high reaction temperature are 
assigned for this approach. Recently, the applications of 
carbon-based nanomaterials (CBNs) in catalysis have been 
extensively grown in importance. Among various CBNs, 
graphene (G) is currently of high interest due to its unique 
structural, electronics characteristics [1], mechanical and 
thermal stability along with its large specific surface area 
and high adsorption capacity which offer many interest-
ing applications [2–7]. These advantages recommend that 
graphene can be utilized as potential support for organic 
bases in different organic transformation reaction. Inter-
estingly, the properties of single-layer graphene extend to 

bilayers and an oligo-layers graphene sheets [8]. Due to the 
π–π stacking of G sheets, the exploitation of monolayers of 
G in catalysis is challenging, therefore, an oligo-layered G 
is adopted in most catalytic applications. Graphene oxide 
(GO) sometimes also referred to “graphene” is prepared 
from natural graphite by the graphite oxidation process of 
Hummers and Offeman [9]. Structurally, GO bears epoxy, 
carbonyl, hydroxyl and carboxyl groups which gives it 
a weak acidic character (“graphitic acid”). This acidic 
nature is the main drawback limiting its catalytic applica-
tions in base-catalyzed processes. Therefore, functionali-
zation of GO sheets can offer a novel opportunity for tai-
loring and developing robust, reusable catalysts [10–16]. 
Consequently, the grafting nitrogen atoms on the graphene 
matrix will induces surface basicity to GO. More examples 
of N-grafted nanocarbons as a basic catalyst can be identi-
fied with carbon nanotubes (CNTs) [17]. Bitter and his co-
workers examined the Knoevenagel condensation between 
benzaldehyde and ethylcyanoacetate on the N-doped CNTs. 
It was found that the activity was controlled by the amount 
of pyridinic N components [17]. Tessonnier et  al. [18] 
exploited amino-grafted CNTs as a solid basic catalyst for 
transesterification of glyceryl tributyrate with methanol and 
observed outstanding activity compared with the commer-
cial hydrotalcite. An overview survey of the literature dem-
onstrates that the use of N-incorporated graphene as a basic 
catalyst has been as yet constrained and importantly there is 
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still a lack of fundamental research into the working mech-
anism of graphene base catalysis. Amino-functionalized 
carbon-based materials were fabricated adopting various 
complicated approaches [14, 19]. Moreover, the prolonged 
Knoevenagel reaction time (1–4 h) is the major drawback 
for the previously few reported amine-functionalized GO 
catalysts [13, 20–22]. Thus, exploration facile protocol for 
fabrication of magnetically recoverable and extremely effi-
cient amino-functionalized GO Knoevenagel catalyst is a 
valuable task. Herein, we report, a rapid and facile micro-
wave approach for grafting GO with diethylenetriamine 
(DETA) along with decorating DETA@GO by magnetite 
nanoparticles to design  Fe3O4@DETA@GO. The result-
ing composite combines heterogeneous GO with multiple 
basic amine sites and magnetite nanoparticles to overcome 
problems associated with the recovery of the base catalyst. 
Also the amine-grafting hinders the stacking of GO sheets 
by working as spacer. The amine-tagged magnetic nano-
composite  (Fe3O4@DETA@GO) was used to catalyze the 
Knoevenagel reaction as a base-catalyzed process.

2  Experimental

Instrumentation, materials, preparation details and char-
acterization data of  Fe3O4@GO and  Fe3O4@DETA@
GO nanocomposites along with a general procedure for 
catalytic efficiency of  Fe3O4@DETA@GO in Knoeve-
nagel reaction can be found in the supporting information. 

Moreover, all 1H NMR spectra for Knoevenagel products 
were reported, as well.

2.1  Synthesis of Catalysts

The  Fe3O4@GO and  Fe3O4@DETA@GO nanocomposites 
were fabricated by a facile one-step microwave-assisted 
hydrothermal approach (Scheme 1) in which, the magnetite 
nanoparticles  (Fe3O4 NPs) was in situ prepared by a series 
consecutive reactions including alkaline hydrolysis of 
hydrated  FeCl3 in the presence of sodium acetate (NaOAc) 
to generate an amorphous ferrihydrite which further dehy-
drated to form crystalline FeO(OH) and partially reduced 
by ethylene glycol (EG) followed by a phase transformation 
producing magnetite NPs [23]. Thereafter the synthesized 
GO [24] was exfoliated by sonication in an EG dispersion 
containing the magnetite NPs without or with DETA. The 
mixture was then succumbed to hydrothermal‒microwave 
treatment (details for the synthesis of the two composites 
are available in the supplementary data).

3  Results and Discussions

3.1  Structural Characteristics

As shown in Table S1, the nitrogen content of GO increased 
up to 1.14 wt% after amino-functionalization with DETA 
and simultaneous  Fe3O4 deposition, indicating the success-
ful immobilization of amine groups on the surface of GO. 

Scheme 1  Schematic illustration for the fabrication of  Fe3O4@DETA@GO catalyst
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Energy dispersive X-ray spectroscopic (EDX) analysis pro-
vides further evidence for our suggestion as revealed from 
the notice of peaks of O, C, Fe and N (Fig. S1, supplemen-
tary data).

The structural and surface properties of the  Fe3O4@
DETA@GO composite were characterized by powder 
X-ray diffraction (PXRD), Raman and X-ray photoelec-
tron (XPS) spectrometry techniques (Fig. 1). As shown in 
Fig. S3, the changes in the powder X-ray diffractogram of 
 Fe3O4@DETA@GO in comparison with that of  Fe3O4@
GO indicated that deposition of iron oxide nanoparticles 
on GO was significantly enhanced via the DETA func-
tionalization. Without DETA an only low amount of iron 
oxide is deposited as revealed from the elemental analysis 
of  Fe3O4@GO. Noteworthy, the disappearance of the peak 
at 10.89° (002) corresponding to GO sheets [24] indicates 
that the GO has been fully functionalized with  Fe3O4@
DETA nanocomposite. Interestingly that the crystalline 
peak at 2θ ≈ 33.5°, characteristic for hematite (α-Fe2O3) 
phase, that observed in PXRD pattern of  Fe3O4@GO was 
missed in  Fe3O4@DETA@GO diffractogram confirming 
the reduction of hexagonal close-packed oxide (α-Fe2O3) 
into  Fe3O4 spinel structure.

Raman spectra of  Fe3O4/GO and  Fe3O4/DETA-GO 
nanocomposites (Fig.  1a) show the D band (1345 and 
1347  cm−1), originating from the disordered carbon or 
K-point phonons of  A1g symmetry, and G band (1588 and 
1601  cm−1), corresponding to the  E2g mode of graphene 
and related to the vibration of  sp2-bonded C-atoms in a 2D 
hexagonal lattice, which are characteristic for GO sheet 
[14]. A red shift observed in the G band (by +3 cm−1) of 
 Fe3O4@DETA@GO in comparison to those of  Fe3O4@GO 

confirms the successful functionalization of the graphenic 
network [14, 25]. The ratio D-band/ G-band of  Fe3O4@
DETA@GO becomes higher confirming the successful 
surface functionalization of GO by DETA which occurs 
via covalent attachment of amine mainly on the defect sites 
[26] as emphasized by the X-ray photoelectron spectra 
(XPS) in Fig. S4 (supplementary data) and Fig. 1b.

In the XPS of  Fe3O4@DETA@GO deconvolution of the 
C1s profile (Fig. 1b) reveals the presence of a major peak 
at 284.6  eV (64%) corresponding to  sp2 bound graphenic 
carbon (C=C). Noteworthy three peaks of carbon attached 
to heteroatoms, namely C–N at 285.4  eV (15%), C–O at 
286.2 eV (17%) and amide carbon in N–C=O at 288.3 eV 
(17%) are observed. Moreover, appearance of N1s peak at 
~400 eV indicates the formation of C–N bond with second-
ary amide (O=C–NH–R), in accordance with previous lit-
erature. A slight shift in the C=O peak by ΔBE = +0.4 eV, 
is due to conversion of carboxylic C=O into amide car-
bonyl, indicating that the functionalization of the GO 
mainly occurs through the carboxyl COOH groups to form 
–C(=O)–NH– amide bonds and the potent argument on the 
successful synthesis of the material.

The morphological features along with micro/nanostruc-
ture of the  Fe3O4@DETA@GO nanocomposite was inves-
tigated by means of scanning electron microscopy (SEM) 
and high resolution transmittance electron microscopy 
(HRTEM), as depicted in Fig. 2. As shown in Fig. 2a and 
Fig. S5 (supplementary data), SEM micrograph of  Fe3O4@
DETA@GO revealed flak-like wrinkled graphene sheets 
with embedded tiny nanoparticles which can indexed to 
 Fe3O4. EDX analysis (Fig. S1, supplementary data) shows 
the expected peaks for Fe metal (Fe-Lα, -Kα, -Kβ) besides 

Fig. 1  a Raman spectra of  Fe3O4@GO and  Fe3O4@DETA@GO composites, b XPS of  Fe3O4@DETA@GO composite
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the peaks characteristic for carbon, oxygen and nitrogen of 
the GO and DETA. The HRTEM image of GO (Fig. S6, 
supplementary data) depicts the typical flake shape with 
some corrugations. On the other hand, HRTEM images of 
 Fe3O4@DETA@GO nanocomposite (Fig. S6, 2b) show 
that the  Fe3O4 as spherical NPs with a diameter of approxi-
mately 7  nm (Fig.  2b) on the surface of GO which was 
observed as wrinkled sheets with partial aggregation (Fig. 
S6). Additionally, trapezoidal crystals, typical of DETAs, 
were observed (Fig. 2b).

3.2  Catalytic Performance

To the best of our knowledge, amino-grafted GO decorated 
with magnetite nanoparticles has not been employed as a 
solid heterogeneous base for the catalysis of the Knoev-
enagel reaction. Inspired by these aforementioned facts 
and the low cost, ecofriendly and sustainable properties of 
amino-grafted GO,  Fe3O4@DETA@GO has been exam-
ined as a solid base catalyst for the Knoevenagel reaction 
(Scheme 2).

The catalytic efficiency of  Fe3O4@DETA@GO was 
assessed for the Knoevenagel condensation between 
4-nitrobenzaldehyde with malononitrile in the presence of 
2 mg of the nanocomposite in THF at 50 °C (Table 1). A 
control experiment in the absence of the catalyst was per-
formed and only trace amounts of the desired product (4%) 
were observed at room temperature in THF within 1  h. 
Also increasing the temperature to 50 °C did not improve 
the yield of condensation product indicating that the reac-
tion could not be carried out in the absence of the catalyst. 

Further, the reaction was performed in the presence of GO 
and the result revealed that GO exhibit only 20% conver-
sion at the same optimum conditions. The model reaction 
has also been performed in the aprotic solvents such as 
toluene and ethyl acetate which also afforded quantitative 
conversion to the desired product within 30  min at 50 °C 
which showed 99% conversion for both. These observa-
tions suggested that aprotic solvents are generally adequate 
for catalyst assessment in the Knoevenagel reaction. To 
explore the substrate effect and generalize our catalytic 
system, the reactions between benzaldehyde or its deriva-
tives with different steric and electronic characters with 
malononitrile were investigated under the given optimal 
conditions. In general, excellent conversions (92–99%) to 
the desired products were observed for most of the benza-
ldehyde derivatives carrying electron withdrawing groups 
(EWGs), except for 4-bromobenzaldehyde which yielded 
62% of the desired product (Entry 7) (Table 1). However, 
benzaldehyde and its derivatives with electron donating 
groups (EDGs) give trace products, under the same reaction 
conditions The most plausible explanation for the reduced 
efficacy of our catalyst in case of benzaldehyde deriva-
tives bearing EDGs is the mutual competition between 
ammonium moiety that capped the catalyst (electrostati-
cally interact with malononitrile carboanion) and carbonyl 
group of aldehydic fragment (ion–dipole interact to malo-
nonitrile carboanion) which is responsible for the forma-
tion of final product, where the EDGs increase the electron 
density on the C-atom of carbonyl group causing reduced 
carboanion-carbonyl ion–dipole interaction and traces yield 
of final product, accordingly. Thus, the substrate scope of 

Fig. 2  a SEM image, b 
HRTEM image of the  Fe3O4@
DETA@GO nanocomposite

Scheme 2  Schematic illustration for Knoevenagel condensation reaction
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the  Fe3O4@DETA@GO catalysed Knoevenagel reaction is 
limited to only for benzaldehyde derivatives with electron 
withdrawing groups, however with modest to high yields. 
The catalytic activity of the  Fe3O4@DETA@GO has also 
been assessed in the Knoevenagel condensation of methyl-
cyanoacetate with 4-nitrobenzaldehyde in THF at 50 °C. 
However, no significant yield has been obtained under the 
given reaction conditions (Table 1). Furthermore, turn over 
number (TON) measure the performance of catalyst. The 
TON values of different substituent are summarized in 
Table 1.

The exceptional catalytic efficacy of our new nanocom-
posite catalyst can be attributed to two main factors; (i) 
incorporation of  Fe3O4 NPs which improve the loading of 
basic segment (DETA) on the surface of GO. (ii) Presence 
of multiple basic sites (thee N-atoms) in each DETA brush 
that facilitate the deprotonating of malononitrile and nucle-
ophilic attack, accordingly (see Scheme 3).

The Knoevenagel condensation between 4-nitrobenza-
ldehyde and and malononitrile was selected as a module 
to assess the recyclability of the heterogeneous  Fe3O4@
DETA@GO  nanocomposite under optimized reaction 
conditions. By the end of the reaction, the catalyst was 
recovered by magnetic separation, then washed with copi-
ous amounts of acetonitrile and air-dried. Thereafter, the 

catalyst was reused in the subsequent runs without fur-
ther purification. As shown in Fig. 3a, the nanocomposite 
catalyst could be recovered and reused 5 cycles without 
significant loss of catalytic efficacy. These results confirm 
that the catalyst exhibited outstanding reusability and 
significant performance for Knoevenagel reaction along 
with infinitesimal leaching ratios of amine and  Fe3O4 
components and this give the catalyst promising in indus-
trial scale. Additionally, in order to investigate the het-
erogeneous nature of the Knoevenagel reaction between 
4-nitrobenzaldehyde and malononitrile using  Fe3O4@
DETA@GO as a solid base catalyst and that the meas-
ured overall activity was not owing to leached species, 
the hot filtration test (leaching experiment) was carried 
out (Fig.  3b). An experiment under the optimum condi-
tion was performed then, the reaction was stopped after 
15  min of reaction, and the catalyst was removed from 
the reaction mixture by filtration, and the filtrate was 
allowed to continue the reaction under the same condi-
tion. The results revealed that no significant increase in 
the yield % after removal of  Fe3O4@DETA@GO cata-
lyst, definitely indicating that the anchored active centers 
were not leached out from the catalyst into the solution 
and the observed catalysis is truly heterogeneous on the 
catalyst surface.

Table 1  Catalytic data of  Fe3O4@DETA@GO catalyzed Knoevenagel condensation 

General reaction condition: aldehyde (1.0 mmol), malononitrile (100 mg, 1.5 mmol) or methylcyanoacetate (150 mg, 1.5 mmol) in the presence 
of  Fe3O4@DETA@GO (2 mg, N content 0.0016 mmol) in tetrahydrofuran at 50 °C
a Yields corresponding to aldehyde conversion are based on 1H NMR analysis of the isolated product obtained (Fig. S11–S20, supplementary 
data)
b TON (turnover number) = moles of desired product formed/moles of catalyst (active center)

Entry R1 R2 Time (min) Temp. (°C) Yield (%)a TONb

1 4-NO2 CNa 30 50 99 619
2 3-NO2 CNa 30 50 99 619
3 2-NO2 CNa 30 50 99 619
4 4-CN CNa 30 50 99 619
5 4-Cl CNa 60 50 92 575
6 4-Br CNa 60 50 62 388
7 H CNa 60 50 55 297
8 CH3 CNa 60 50 20 124
9 OCH3 CNa 60 50 10 63
10 4-NO2 COOMeb 60 50 20 125
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4  Conclusion

In summary, we demonstrate a facile, scalable and a 
green one–step microwave-assisted hydrothermal method 
to fabricate a covalently attachment of amino moiety to 
GO using a top-down approach. The amino-grafted gra-
phene oxide exhibited distinct catalytic efficiency and 
reusability in Knoevenagel condensation as a solid base 
catalyst.
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