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Abstract

The N-(3-((2-hydroxybenzylidene)amino)phenyl)benzamide Schiff base ligand (L) was synthesized and
characterized. The ligand was immobilized on the fullerene material with a reduction copper material. The
resulting nanocomposite Cu/Ligand@Fullerene (M1) was characterized by FE-SEM EDX, EDX mapping,
FT-IR, and XRD techniques and tested as a catalyst for reduction of nitrophenols (2-nitrophenol (2-NP),
4-nitrophenol (4-NP)) and organic dyes (methylene blue (M.B.), Rhodamine B (Rh B)) under ambient
temperature in water. The catalytic conversions and the reaction rate constant per total weight of the Mi
catalyst were recorded as 89.9% at 300 s for 2-nitrophenol, 97.9% at 300 s for 4-nitrophenol, 90.6% at
360 s for Rhodamine B, and 98.3% at 60 s for methylene blue. For 4-NP, the reusability study was carried
out as five cycles between 97.9% - 87.3% conversions, respectively. The fabricated Cu/Ligand@Fullerene
(M1) nanocomposite has good catalytic efficiency and reusability, low cost, and easy to produce.

Keywords: Copper nanoparticle, Schiff base, Reduction, Nitrophenol, Organic Dyes.

1. Introduction

Nitro compounds and organic dyes are currently used in
many industries and pose a serious threat to
environmental pollutants and the phenomenon of
disposal of these wastes stands out as a serious situation.
Also, amino compounds formed by the reduction of
these compounds can be used as starting or intermediate
chemicals in many application areas [1-3]. These
application areas can be listed as chelating agents in
pharmaceuticals, polymers, pesticides, explosives,
fibers, dyes, and cosmetics, etc. [4-10]. The reduction
reactions are among the frequently used reactions as in
the past. To provide better catalytic conditions in the
reduction reactions, both the efficiency of the catalyst
must be good, and it can be easily produced. In this
context, many metals (copper [11], cobalt [12],
palladium [13], ruthenium [3], silver [14], nickel [15],
etc.) have been used as catalysts in nanoparticle
reduction reactions. Copper nanoparticles can be seen as
preferred materials in many aspects especially in recent
years [16, 17]. Copper nanomaterials, which are also
frequently used in immobilization processes, are also
widely used as catalysts [18, 19]. The catalysts obtained
from the immobilization of copper nanoparticles with
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Schiff base ligands have also been used in reduction
reactions and the successful results have been obtained
[20, 21]. Both Schiff base compounds and the copper
nanoparticles are often preferred because they are easy
to manufacture, synthesize with high yields, and are
readily available. In this work, the
Cu/Ligand@Fullerene  (M1) nanocomposite  was
fabricated with immobilization methodology as a
catalyst by fullerene support material, Schiff base
ligand, and copper nanoparticles. The nanocomposite
M was used in the reduction of nitrophenols and some
organic dyes under ambient temperature with NaBH4 as
a hydrogen source in water. The catalytic results were
quite promising for this type of nanocomposite in the
reduction reactions.

2. Materials and Methods

All the chemicals and solvents were purchase from
chemical manufacturers. In the FT-IR analysis was used
a Perkin Elmer 400 FT-IR/FT-FIR Spectrometer
Spotlight 400 Imaging System to confirm the molecular
interaction between Fullerene and ligand and reduced
copper nanoparticles. For NMR analyses was used a
Bruker 400. The FE-SEM, EDX, and mapping
employed a Zeiss GeminiSEM 500 for surface
morphological characterization and mapping analysis.
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X-ray diffraction (Malvern panalytical XRD) was used
to confirm for immobilization and reduction
methodology.  The  UV-vis  spectrophotometer
(Shimadzu UV-2700) measurements were used for
monitoring the reduction of nitrophenols and dyes.

2.1. Experimental
2.1.1. Synthesis of Schiff base ligand (L)

In a typical reaction, the 1,3-diaminobenzene (0.25
mmol) and benzoyl chloride (0.25 mmol) compounds
were reacted in THF (10 ml). After the reaction, the
mixture was filtered-dried and added to 2-hydroxy-
benzaldehyde (0.25 mmol in methyl alcohol (15 ml)
was stirred for Schiff base ligand formation overnight.
After the process, the solvent was removed by a vacuum
system. The residue was dissolved in ethyl alcohol (5
ml) and the microcrystalline product in the refrigerator
was filtered off and dried in the vacuum system (Figure-
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Figure-1. The numbering synthesis scheme for Schiff
base ligand (L).

2.1.2. Founded Data for the ligand
For Schiff base ligand (L)

N-(3-((2-hydroxybenzylidene)amino)phenyl)benzamide:
Color: Yellow. Yield: 73 %. 'H-NMR (CDCls, ¢
ppm): 6.94-7.50 (6H, -H., -H7, -Hs, -H,4, -H3, -H>), 7.53
(d, 2H, J=8 Hz, -H.), 7.58 (d, 2H, J=8 Hz, -Hs ), 7.80
(s, 1H, -H)), 7.90 (d, 2H, J=8 Hz, -H;), 8.68 (s, 1H, -
Hs), 13.19 ( 1H, -OH). BC-NMR (CDCl3, ppm): 112.5,
117.3, 117.9, 118.3, 119.2, 119.9, 127.0 (-C.), 128.9 (-
Cp), 129.9, 132.1, 132.5, 133.4, 134.7, 139.0, 149.3,
161.2, 163.2 (-N=CH), 165.8 (-C=0). FT-IR (cm™):
3308, 3127, 3106, 3083, 3057, 3038, 3010, 2986, 2938,
2881, 1647, 1620, 1596, 1574, 1525, 1490, 1479, 1456,
1447, 1430, 1403, 1359, 1315, 1303, 1294, 1277, 1259,
1215, 1201, 1180, 1155, 1150, 1113, 1087, 1074, 1026,
1002, 983, 963, 924, 909, 886, 861, 852, 837, 800, 793,
756, 711, 690, 678, 655, 608, 582, 572, 551, 541, 510,
485, 472. ESI-MS (-) (m/z): 316.200 (calc: 316.121).

2.1.3. Fabrication of  Cu/Ligand@Fullerene
nanocomposite (M)
The synthesis process of Cu/Ligand@Fullerene

nanocomposite (M1) materials followed the route: 20 %
(w/w) of ligand and 80 % (w/w) of Fullerene (C60) as
adsorbent material was added to a schlenk tube (25 ml)
as separately with organic solvent media (2-propanol /
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diethyl ether, 5 / 1) and sonicated for 3 hours to form a
stable suspension. Then, the organic solvents were
removed by the vacuum system, and the residue was
dissolved again with methyl alcohol (10 ml) and added
to CuCl,.2H,0 (20 mg) and NaBH4 as a reducing agent
[22]. The mixture was stirred and sonicated for 3 hours
to a stable form. Also, the precipitated materials were
subjected to the following operations in sequence:
filtering, washing with methanol and water and drying
process at ambient temperature (Figure-2). After that,
the nanocomposite was characterized by FT-IR, XRD,
and FE-SEM-EDX and mapping.

Figure-2.  Fabrication of

nanocomposite (Mi).

Cu/Ligand@Fullerene

2.1.4. Catalytic Reduction of Nitrophenols and

Organic Dyes

The catalytic efficiency of M1 was examined for the
reduction of 2-nitrophenol, 4-nitrophenol, methylene
blue, rhodamine B in the presence of BH4 ion as a
hydrogen source in the aqueous solution at ambient
temperature. In a typical reaction, 2.5 mg of the M
catalyst was added to nitrophenols and dyes and NaBH4
(0.03 M, freshly, optimum concentration [12, 23]) in
water (10 ml) at ambient temperature and stirred for a
period of the desired time. Importantly, the catalytic
reaction started instantly after the addition of the
catalyst. At the end of the catalytic period followed, the
reaction samples are taken from the reaction and filtered
through the micro-column with cotton. The catalytic
efficiency of the M1 catalyst was seen by comparing the
bands which appeared and disappeared after reduction
on the UV-vis spectrum.

3. Results and Discussion
3.1. Characterizations

The fabrication process of N-(3-((2-
hydroxybenzylidene)amino)phenyl)benzamide (L) and
Cu/Ligand@Fullerene (M1) compounds were explained
in the Figure-1 and experimental section.

In the FT-IR spectra of the bare fullerene were observed
the specific 1427, 1180, 960, 738, 574, 524 cm™' peaks.
For the ligand, the O-H, the aromatic C-H, the aliphatic
-C-H stretching, the -C=0 bond, and the -CH=N- bond
vibrations were aligned at 3308, 3127 — 3106, 3010 —
2881, 1647, and 1620, respectively. Also, the peaks of
the FT-IR spectrum belonging to Cu/Ligand@Fullerene
(M1) was founded as 3662, 2987, 2971, 2901, 1644,
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1601, 1518, 1472, 1449, 1406, 1394, 1382, 1323, 1250,
1242, 1230, 1181, 1075-1066-1057 (Cu-OH-), 1028,
897 (Cu0O), 892, 793, 710, 693 (CuO), 575, 525, 502,
493, 471, 459 cm?!. When the spectrum of
nanocomposite was examined, the presence of peaks
originating from both ligand and fullerene structure was
determined and the comparative spectrums are given in

Figure-3.

Cu/Ligand@Fullerene

—— Fullerene

T T T T 1
2500 2000 1500 1000 500

Wavenumbers (cm™)

4000 35‘00 30‘00
Figure-3. FT-IR comparative spectra of Fullerene,
Ligand, and Cu/Ligand@Fullerene nanocomposite

(M).

The XRD peaks and (hkl) of bare fullerene (C60) were
observed as 10.79° (111), 17.67° (220), 20.74° (311),
21.69° (222), 27.38° (331), 28.12° (420), 30.85° (422),
32.79° (511). For Cu/Ligand@Fullerene nanocomposite
(M1), the XRD peaks were founded as 6.61°, 9.00°,
10.76° (Fullerene-111), 12.21°, 13.81°, 14.70°, 17.67°
(Fullerene-220), 19.56°, 20.74° (Fullerene-311), 21.69°
(Fullerene-222), 23.37°, 25.13°, 25.49°, 27.41°
(Fullerene-331), 28.12°  (Fullerene-420),  30.82°
(Fullerene-422), 32.77° (Fullerene-511), 35.63°, 37.05°,
41.64°,42.30°, 45.74°.
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Figure-4. XRD comparative patterns of Fullerene,
Cu/Ligand@Fullerene nanocomposite (Mi).

According to the obtained XRD pattern data, the
fabricated nanocomposite contains characteristic peaks
originating from fullerene as well as peaks originating
from ligand and metal was founded (Figure-4).
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Figure-5. SEM-EDX (30.00 KX) analysis and copper
mapping images of Cu/Ligand@Fullerene
nanocomposite (M1).

The FE-SEM, EDX, and Cu mapping analysis of
Cu/Ligand@Fullerene  nanocomposite  (IMi) was
achieved, and the surface morphologies and elemental
images are given in Figure-5. The surface structures of
the bare fullerene and Mi nanocomposite (30.00 KX
zoom) are similar, but the material deposits from ligand
and copper on the fullerene layers were observed. The
presence of copper metal (Cu weight: =7.00% with
EDX analysis) dispersed Cu/Ligand@Fullerene
nanocomposite (M1) was approved by the EDX and
copper mapping methods. Each sheet was shown to
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have a length of 20 — 500 nm. The surface analyses
show that the immobilization and metal reduction
process was successfully performed (Figure-5).

3.2. Catalytic Studies

We investigated the catalytic efficiency of M
nanocomposite by using the reduction of 2-nitrophenol
(2-NP), 4-nitrophenol (4-NP) as nitrobenzenes,
methylene blue, and rhodamine B as organic dyes in the
presence of NaBHj4 in the water at ambient temperature.
The catalytic reaction was monitored
spectrophotometrically due to the 2-nitrophenol (2-NP)
reactant and product having different absorption bands
such as Amax= 414 nm (-NO; group of 2-NP). Firstly, the
2-nitrophenol (5x104 M) mixture has a yellow colour
which is the colour of the adsorption band belonging to
the 2-nitrophenolate, this colour gradually vanished
because of the formation of the 2-aminophenol and the
catalytic conversions were seen at different times
between 30 s to 300 s. The catalytic activity of Mi
nanocomposite was achieved as 34.2%, 73.1%, and
89.9% at the end of 30, 90, and 300 s, respectively

(Figure-6).
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Figure-6. Time-dependent UV—vis absorption spectra
of the 2-nitrophenol (5.0x10“ M) reduced by NaBH.
catalyzed by the M1 nanocomposite (a) UV-vis spectra,
b) Absorbance-Conversion curve).

We have also worked the reduction of 4-nitrophenol
(2.5x10* M, 4-NP) by Mi nanocomposite under
likewise reaction conditions. The absorption band of the
4-nitrophenolate arises at 398 nm from the —NO (nitro)
group to -NH; (amine) group. The catalytic conversion
results were obtained to be 51.2% (30 s), 59.1% (90 s),
97.9% (300 s) for M1 nanocomposite (Figure-7).
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Figure-7. Time-dependent UV—vis absorption spectra
of the 4-nitrophenol (2.5x10* M) reduced by NaBH4
catalyzed by the M1 nanocomposite (a) UV-vis spectra,
b) Absorbance-Conversion curve).

Moreover, the Cu/Ligand@Fullerene M
nanocomposite was used as catalysts for the reduction
of some dyes (methylene blue (MB) and rhodamine B)
under the optimized conditions. The adsorption band
disappeared after reduction at 664 nm for MB, 550 nm
for Rhodamine B. The -catalytic conversions were
founded as 91.6% (30 s), 98.3% (60 s) for MB dye,
67.3% (120 s), 83.5% (240 s), 90.6% (360 s) for
Rhodamine B (Figure-8,9).
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Figure-8. Time-dependent UV—vis absorption spectra
of the methylene blue (5.0x10-3 M) reduced by NaBH4
catalyzed by the M1 nanocomposite (a) UV-vis spectra,
b) Absorbance-Conversion curve).
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Figure-9. Time-dependent UV—vis absorption spectra
of the Rhodamine B (10 ppm) reduced by NaBH4

Summarize, the kinetic equation for the reduction of
nitrophenols and dyes can be represented as In(Cy/Co) =
—kt, where ¢ is time for the catalytic reaction and, & is
the apparent first-order rate constant (s™') in Table-1.
Moreover, the k' = k/M parameter (M: the amount of the
catalyst) is introduced for quantitative comparison and
the parameter is defined as the ratio of the rate constant
k to the weight of the catalyst added [24]. In Table-1,
the catalytic activity rate constant parameters were
compared for the nanocomposite (M1).

The reaction rates of nitrophenols with catalyst M; at
300 s were recorded as 6.78E-03 s (2-NP) and 1.28E-
02 s (4-NP) and for dyes, the rates were founded as
6.80E-02 s! at 60 s (M. Blue) and 6.58E-03 s™!' at 360 s
(Rhodamine B).

A  mixture of 4-nitrophenol, rhodamine B, and
methylene blue substrates was prepared to better
demonstrate the effectiveness of the catalyst, and their
reduction with the M1 catalyst was observed. In the
results, after 300 seconds, the M1 catalyst was able to

N .
catalyzed by the M1 nanocomposite (a) UV-vis spectra, ric:(.iuce | (2)111 three  substrates >90%,  simultancously
b) Absorbance-Conversion curve). (Figurel0).
Table 1. The catalytic efficiency rate constant of M1 catalysts.
Substrate k (s)? k/M (s gh)P
2-NP 30s 90 s 300 s 30s 90 s 300 s
1.39E-02 1.46E-02 6.78E-03 5.57E+00 5.83E+00 2.71E+00
4-NP 30s 90 s 300 s 30s 90 s 300 s
2.39E-02 9.95E-03 1.28E-02 9.58E+00 3.98E+00 5.12E+00
M. Blue 30s 60 s 30s 60 s
8.26E-02 6.80E-02 3.30E+01 2.72E+01
Rhodamine B 120 s 240 s 360 s 120 s 240 s 360 s
9.31E-03 7.52E-03 6.58E-03 3.72E+00 3.01E+00 2.63E+00

* The reaction rate constant. ® The reaction rate constant per total weight of tested catalyst (2.5 mg).
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Figure-10. Time-dependent UV—vis absorption spectra
of 4-NP, Rh B, and M. Blue reduced by NaBH4
catalyzed by the M1 nanocomposite.

To determine the efficiency of the catalyst, a reusability
study was carried out. The 4-nitrophenol was chosen as
the model substrate and the Cu/Ligand@Fullerene (M)
catalyst was used 5 times in the same reaction (Figure-
11). The reusability results (I — V) were recorded as
97.9%, 97.7%, 97.7%, 97.3%, and 87.3%, respectively.
According to the reusability results, the efficiency of the

catalyst was determined to be good and suitable for
€Cconomic purposes.

The production costs are as important as the catalytic
activities of the catalysts produced. As is known, the
copper nanoparticles can be manufactured in many easy
routes. At the same time, their catalytic activities can be
increased by creating hybrids with many materials.

B Co/Ligand@Fullerene M1

100

v v

I o

Cl;lcles
Figure-11. Catalytic activities of Cu/Ligand@Fullerene
(M1) nanocomposite in 5 cycles.
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It can be said that the catalytic activity results in this
study are at a good level compared to their peers in the
literature (Table-2).

Considering the substrate concentrations in the solution,
it can be said that the Mi nanocomposite shows the

for other substrates and it is well known that dyes such
as nitrophenols and methylene blue, especially
Rhodamine B, are serious environmental pollutants. The
removal of these compounds is very important, and, in
this study, it was determined that a material that can be
easily produced reduces these harmful compounds with

highest activity with 2-nitrophenol. However, the good  high activity.
catalytic results with M1 nanocomposite were obtained
Table 2. The comparative data of the reduction reactions.
3 [13 il
Catalyst Substrate Time (s) (CEENS ra(t:,§0n5tant K References
AG-CuO hydrogel 2-Nitrophenol 420 5.11E-03 [25]
Cu’-NPANI-ZrSiO4 2-Nitrophenol 120 9.73E-03 [26]
Cu/Ligand@Fullerene 2-Nitrophenol 300 6.78E-03 Present study
CuO NPs 4-Nitrophenol 360 3.80E-02 [11]
Cu@Pd NPs 4-Nitrophenol 720 5.80E-03 [27]
Cu/Ligand@PFullerene 4-Nitrophenol 300 1.28E-02 Present study
CuVvO0S-3 M. Blue 480 1.21E-02 [28]
C@Cu M. Blue 8.90E-2 [29]
Cu/Ligand@Fullerene M. Blue 6.80E-02 Present study
CuVOS-3 Rhodamine B 480 1.55E-02 [28]
TEA1.5-G150°C- .
Cu0150°C Rhodamine B 210 4.70E-02 [30]
Cu/Ligand@Fullerene Rhodamine B 360 6.58E-03 Present study

4. Conclusion

Herein, we have reported the fabrication of N-(3-((2-
hydroxybenzylidene)amino)phenyl)benzamide (L)
ligand and Cu/Ligand@Fullerene nanocomposite (M)
nanocomposite, and the M1 nanocomposite was tested
as a catalyst in the reduction of nitrophenols (2-NP, 4-
NP) and organic dyes (M. Blue, Rhodamine B). The
fabricated nanocomposite M1 is highly efficient in the
reduction of nitrophenols (2-NP, 4NP) (>90% catalytic
conversion in 5 min.), M. blue (>90% catalytic
conversion in 0.5 min.), and Rhodamine B (> 90%
catalytic conversion in 6 min.) at ambient temperature.
In this study, the advantages such as the ease of
synthesis, high activity results, and easy workability of
the produced material came to the fore.
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