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Abstract

Background: Due to the large surface area of green-synthesized TiO,@CuO@Chromite nanocatalysts (NCs) and accu-
mulations of bioactive phytochemicals on its surface, it was used for an efficient and safe synthesis of nitriles and also
an environmentally friendly process of water treatment. For the first time, a rapid, economic, one-pot, solventless and
safe protocol is presented for ecosynthesis of TiO,@CuO@Chromite nanocatalysts (NCs) to efficient, ligand-free and
solventless synthesis of aromatic nitriles through the cyanation of aldehydes at room temperature. Furthermore, the
eco-NCs were used as a potent adsorbent for physical and biological treatment of sewage waters collected around
the natural and residential area of northern parts of the Soran city in Irag at room temperature.

Results: The structural elucidation of the NCs using the SEM (scanning electron microscopy), Cross-sectional EDS
(electron dispersive spectroscopy), elemental mapping analysis, XRD (X-ray diffractions) and BET (Brunauer—-Emmett-—
Teller) for detection of specific surface area of eco-NCs confirmed the formation of NCs with a large surface area.
Application of green TiO,@CuO@Chromite NCs in solventless synthesis of aromatic nitriles shows high efficiency,
time saving, economical aspect and ecofriendly and safe methodology. Also, the treatment process of sewage waters
monitored using UV-Vis double beam spectrophotometer, optical microscopy and antibiogram tests demonstrated
an efficient ability for the eco-NCs in physical and biological treatment of sewage samples.

Conclusions: The NCs employed in both ligand and solventless highly efficient and safe synthesis of aromatic nitriles
through the cyanation of aldehydes at room temperature demonstrated the production of aryl nitriles in very good-
to-excellent yields. This protocol indicated a green alternative to the existing methods since the reaction proceeds in
solventless medium in the absence of any ligand and organic solvent with simple work-up procedure, low tempera-
ture, higher yield and shorter reaction time. Further, it was used in the physical and biological treatment of the real
samples of sewage waters collected around the natural and residential area of northern parts of Irag at room tem-
perature, which shows a very good treatment ability in this process.

Keywords: Eco-nanocatalyst, TIO2@CuO@Chromite NCs, Sewage water treatment, Aromatic nitriles, Solventless
process

Background
Nanotechnology is a rapid expanding zone of investiga-
tion which impression of employing matter at nano-scale
— . level led to novel area of investigation and search inside
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science, a nanoparticle (NP) is well described as a tiny
piece that acts by way of an entire component with
regard to its transfer and characteristics. The discipline
and manufacturing technology of nano-systems are
accounted as the greatest urgent as well as rapid growth
areas of nanotechnology [1-3]. Current progresses in the
nanotechnology field, mainly the aptitude to make highly
well-organized nanoparticles of any dimension and pro-
file, have activated the improvement of its applications.
Transition metal oxide nanostructure has attracted fur-
ther arrangement of attention as a result of their excep-
tional physical and chemical characteristics emerging
from big surface area/volume, quantum confinement
consequence, that rely upon the outline and dimension
of the substantial [4—6]. Despite all benefits of nanopar-
ticles, they are typically more toxic than the bulk material
of larger scales. Therefore, the green synthesis nanopar-
ticle has been accomplished by means of ecologically
adequate solvent schemes and ecofriendly reducing and
capping agents. Conversely, the requisite for biosynthe-
sis of nanoparticles rose since the physical and chemi-
cal methods are overpriced. Thus, in the exploration for
low-cost method for nanoparticle synthesis, researchers
utilized biosystems for production of NPs. Natural sur-
roundings have created numerous procedures for the
production of nano-scale and micro-scale climbed inor-
ganic ingredients which have been added to the growth
of comparatively novel as well as mainly uncultivated
region of investigation built upon the green synthesis of
nano materials [7-12].

Nitriles are significant basements to prepare the
industrial and pharmaceutical nitrogen-containing
heterocycles. Previous methods to prepare the nitriles
include the poisonous cyanide sources which suf-
fer from harsh conditions, time-consuming reactions,
tedious work-ups, noneconomic aspect following
the poor yield and necessity of employing expensive
ligands, ligand dependency, inevitability of employing
expensive and moisture-sensitive reagents. Recently,
usage of ecofriendly methods to introduce nitriles has
been converted to a new gate in their synthesis. Some
of these challenges were reduced by ligand-free green
catalytic cyanation of aryl halides using K,Fe(CN), as
an absolutely safe cyanide source [13—18]. Reports on
the aldehydes cyanation in order to obtain the aryl
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nitriles indicated the aforementioned drawbacks of the
methods [19-21], thus introducing economic and safe
methods to obtain the aryl nitriles is of great atten-
tion. To develop safe methods of cyanation, as a part
of this study, for the first time, we report the success-
ful utilization of Crocus sativus L. plant in solventless
and ligand-free catalysis of aldehyde cyanation under
organic solventless condition at ambient temperature
(Scheme 1).

Green technology covers a broad area including the
monitoring and assessment, pollution prevention and
control, and remediation and restoration of environ-
mental challenges. Therefore, tracking those pollutants
are essential to measure the release of natural or anthro-
pogenic materials of harmful nature and also avoid the
production of environmentally and industrially hazard-
ous substances or alter human activities in ways that
minimize damage to the environment. Thus, controlling
the hazardous substances before entering the environ-
ment and also improving the condition of ecosystems are
among the remediation process of green nanotechnol-
ogy [22-26]. Water is the most precise natural resource
and its application for human consumption is only
around 1%. The reports of WHO reveal that over 1.1 bil-
lion people suffer from lack of accessibility to drinking
water resources due to the growing living problems and
variety of climatic and environmental concerns. Among
the challenges leading to shortage of water supply is
contamination of freshwaters by organic pollutants and
these concerns can be reduced by treatment of waste-
waters. However, the traditional and existing methods of
treatment are not efficient enough to completely remove
the emerging contaminants and have several drawbacks
such as high energy requirement, incomplete pollutant
removal and generation of toxic sludge [27-30]. A part
of this study is related to the treatment of sewage waters
around Soran city in northern part of Iraq including bio-
logical treatment and also decolonization and removing
the suspended particles using bioactive green-synthe-
sized TiO,@CuO@Chromite nano-adsorbent at natural
temperature and then simple filtration to obtain the clean
and treated water. In addition to converting the ugly
appearance of sewage waters to a good one, this method
efficiently can help in the recycling of these sources to the
nature and human applications (Scheme 2).
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Scheme 1 The solventless green TiO,@CuO@Chromite NCs-catalyzed cyanation of aldehydes
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Scheme 2 Schematic process of solventless green synthesis of TiO,@CuO@Chromite NCs

Experimental

Chromitite: study area and geological setting

The chromitite deposit is located near Rayat village
within the northeast corner of Iraq, about 120 km east of
Erbil and near the Iraqi Zagros thrust zone (Fig. 1). The
chromitites are podiform types; this type of chromite
usually forms beneath mid-ocean ridge and during con-
tinental collision as they abducted on continental crust
and observed in ophiolites and non-ophiolitic peridotite

complexes. The Rayat chromitite is located in ophiolite
belt inside peridotite rocks such as dunite and harzbur-
gite and equivalent serpentinite [31-33].

Field observation and petrography

The field sample of chromitite can be seen at earth sur-
faces inside serpentinized peridotite (Fig. 2a). Due to car-
bonation which happened in the area, veins of calcite and
dolomite can be seen in pods of chromitites (Fig. 2b). The
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Fig. 2 Pods of chromite in the field: a part of a chromite pod, b veins of calcite and dolomites inside the pod of chromite
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hand samples are heavy with black color and massy tex-
tures (Fig. 2a, b).

Identification of chromitite ore body

For assessment of natural chromitite using X-ray diffrac-
tion (XRD), the samples were ground and then analyzed
by analytical X-ray diffractometer (Fig. 3). Results of XRD
show that the ore body comprises mostly chromite with
minor amount of lizardite, magnetite, calcite, dolomite
and clinochlore. According to mineralogical studies of
ore body by polarized microscope and X-ray diffraction
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(XRD), the ore is composed of quartz, magnetite, hema-
tite, and chromite.

In continuation of absolute identification of chromitite
ore body, for more convenience about the geosubstrate,
the collected sample was analyzed by SEM, EDS and ele-
mental mapping analysis (Figs. 4, 5, 6). The results from
mentioned analysis confirm the considerable presence
of various mineral phases enriched in chromium, iron,
silica and magnesium, aluminum calcium, dolomite and
carbon. Thus based on the results, the collected ore body
is certainly chromitite ore which can be efficiently used
as a natural substrate due to the accumulation of Lewis
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Fig. 4 SEM micrograph of chromitite ore body (natural substrate)
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Fig. 5 Point analysis of chromitite ore body (natural substrate)
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acids in the structure of TiO,@CuO@Chromite NCs to
increase the synergistic effect and as an anti-agglomera-
tion agent.

Rapid synthesis of TiO,@CuO@Chromite NCs

1 g TiO(OH),, 2 g CuCl,-2H,0 and 6 g chromitite ore
body were mixed to 50 g fresh Crocus sativus L. plant at
room temperature, then hardly milled using a pestle mor-
tar for 30 min to provide the required temperature of the
endothermic reaction. After change in color, the obtained
mixture was washed with water and then separated pre-
cipitation analyzed to monitor the formation of NCs.

Sewage water samples collection

A total of 12 sewage water samples were collected around
the northern parts of the Soran city during April 2019.
The samples were collected mainly from the natural and
residential area. The location of the samples is demon-
strated in Fig. 7.

Treatment procedure of sewage waters

In case of sewage water treatment, after filtration of sam-
ples, 10 mL from each sample (W;, W,,...., W,,) were
mixed and stirred at 1000 rpm for 30 min at room tem-
perature and then the obtained mixture was monitored
to more convenience about its contaminations using the
double beam UV-Vis spectrophotometer and optical
microscopy (Figs. 8 and 9). For treatment of sewage water
sample, after obtaining the optimum amount of nano-
adsorbent and concentration of NaBH, (Table 1), it was
found that no efficient treatment occurred in the absence
of NaBH, or nano-adsorbent (Table 1, entries 10 and 11).

Also the best result was demonstrated for 5 mg nano-
adsorbent and 6 x 107°M NaBH, at room temperature
(Table 1, entry 4). Therefore, 5 mg of TiO,@CuO@Chro-
mite NCs was added to 100 mL of sewage mixture then
10 mL freshly prepared solution of NaBH, (6 x 10~>M)
was added to the mixture at room temperature and
stirred using a magnetic stirrer. Moreover, for more con-
venience the advancement of the process was followed
using UV-Vis spectra and microscopic monitoring.
Finally, the catalyst was recovered by simple filtration
and washed using ethanol and hot distilled water, respec-
tively, then dried to use in the next cycle of the process.

Solventless synthesis of aryl nitriles

A mixture of TiO,@CuO@Chromite NCs (5.0 mol %),
aldehyde (1.0 mmol) and K,Fe(CN), (1.0 mmol) were vig-
orously milled at room temperature using a pestle mor-
tar for the required time. After monitoring by TLC, the
obtained products were isolated by EtOAc, then dried,
concentrated at reduced pressure and finally recrystal-
lized. All obtained products were well known and their
structure confirmed by comparison of their mp, IR, NMR
data reported by previous works [18, 34—47].

Results and discussion

Ecosynthesis of TiO,@CuO@Chromite NCs

After absolute identification of chromitite ore body and
synthesis of TiO,@CuO@Chromite NCs using the chro-
mitite natural substrate and Crocus sativus L. plant
through a simple, inexpensive, rapid and safe method,
the obtained nanostructure was characterized using ana-
lytical identification techniques for more convenience
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Fig. 6 Elemental mapping analysis of chromitite ore body (natural substrate)

o Az1209
of Ch1 MAG: 290x HV: 204V WO: 19.5men

of
A0

CIVTMANGE 280 V; 20 0% WE: 1830

[N

AZE 293
ChT MAGI 250k HV:20AV WO: 105 men

about its application in environmentally friendly reac-
tions. Scheme 3 shows the possible mechanism of nan-
oparticle formation using sugar moieties of the plant
phytochemicals.

Among the bioactive components of the plant, croce-
tin and crocin are powerful antioxidants in which the
crocin even shows stronger antioxidant capacity than
alpha-tocopherol in nervous system concerning treat-
ment of oxidative stress. In fact, the antioxidant behavior
of crocin is related to the sugar moiety in crocin molecule
which has a vital role in its chemical reactivity.

Figures 10, 11, and 12 show the absolute analysis of
NCs. The SEM results of ecosynthesized NCs confirm

the formation of NCs as it shows a nanosized structure
with a semispherical shape and heterogeneous morphol-
ogy including some agglomerations (Fig. 10). The elemen-
tal structure of the NCs was monitored using EDS and
elemental mapping analysis, as can be seen in Figs. 11 and
12. Based on these analyses, besides the other elements
involved in the composition of chromitite ore body, the
presence of Ti, Cu, O, Cr elements as principal elements of
the pure crystalline shape of the nanostructure is strongly
demonstrated which evidently confirms the formation of
nanostructure (Fig. 13).

The specific surface areas of TiO,@CuO@Chromite
NCs were determined by BET (Brunauer—Emmett—Teller).
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Fig. 7 Geological location map of sewage water samples
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Based on isotherm curve, the measured BET surface area P 1 C—-1 P
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The results were obtained following the BET equation: C = @=2/RT (C: constant),




Sajadi et al. Environ Sci Eur (2020) 32:14

Fig. 9 Cross-sectional microscopic image of sewage mixture at
50 pm

where V, is monolayer adsorption amount and V is the
adsorption amount at the equilibrium pressure P.

It is clear that the surface area of natural chromite
substrate fairly increased after immobilization of CuO
and TiO, nanoparticles in the composition of nano-
composite. Since as all thermodynamic processes occur
on the surface area, formation of an excellent surface
area based on the obtained results by BET analysis
probably provides numerous active sites on the surface
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unit of the green catalyst and nominate it as a potent
nanocatalyst to the investigated processes in this study.

Treatment results of sewage waters using ecosynthesized
TiO,@CuO@Chromite NCs

Application of optimum conditions for the process dem-
onstrated a clear appearance of very opaque and blurred
sewage sample in which no apparent contamination can
be seen in the sample after its treatment during 1 h at
room temperature even by optical microscopic moni-
toring. The catalyst was simply prepared using very low
cost and abundant materials. Also, the process needs a
very economic amount of NaBH, and catalyst at ambi-
ent temperature. During the process to find the effect of
temperature on treatment process while employing the
optimum conditions, both room temperature and tem-
perature of 50 °C were examined, but no significant dif-
ference in results was seen.

The UV-Vis monitoring of the sewage water sample
at different times (0 h— 1 h) definitely shows the ability
of the nanocomposite to purify the sample. According
to the spectra with passing the time, the intensity, sym-
metry and shapes of the main peaks (625 nm, 455 nm,
295 nm and 220 nm, respectively) concerning the blurred
and cloudy sewage water have been reduced and as can
be seen in spectrum D, after 1 h there is almost no signal
related to the colored physical and chemical contamina-
tions (Fig. 14).

Table 1 Optimizing the influencing parameters in treatment process of sewage water sample

Entry Sewage sample TiO,@CuO@Chromite NaBH, (M) Temperature (°C) Appearance Time (h)
(mL) NCs (mg)
1 100 3 5%107° RT Cloudy 24
2 100 3 8x 1073 50 Cloudy 12
3 100 5 3%x107° RT Cloudy 5
4 100 5 6x1073 RT Clear 1
5 100 5 8x 1073 50 Clear 1
6 100 7 5% 1073 RT Clear 1
7 100 7 8x 1073 50 Clear 1
8 100 10 5%x107° RT Clear 1
9 100 10 8x1073 50 Clear 1
10 100 15 0 50 Cloudy 15
11 100 No catalyst 8x1073 50 No change 48

n[C5H1 IOS-CHO] +nOH"
an + ne” —_— 1 M(S)

— 3 1[CsH,,05-COOH] + nH,0 + ne

nM+n + n[C5H1105-CHO] + nOH- —_— HM(S) + n[CSHl IOS'COOH] + HH20

Scheme 3 Ecosynthesis mechanism of TiO2@CuO@Chromite NCs using sugar moieties
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Fig. 10 SEM micrograph of solventless ecosynthesized TiO,@CuO@Chromite NCs
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Fig. 11 Point analysis of solventless ecosynthesized TiO,@CuO@Chromite NCs
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Furthermore, for more convenience the treatment pro-
cess of sewage sample was monitored again using opti-
cal microscopy at various times (at zero time (A), after
20 min (B), after 40 min (C), after 1 h (D)). According to
Fig. 15, with passing time the amount and concentration
of impurities decreased and physical appearance of sam-
ple is improved. The surface of green-synthesized NCs
including a multi-mineral natural substrate (chromite
ore body) provides a very suitable surface including many
active sites on the surface area of the NCs (25.87 m?/g) to
adsorb the suspended contaminations in the sewage sam-
ple. Besides these characteristics of the NCs, deposition
of plant phytochemicals on the surface of the NCs as cap-
ping agents increased the synergistic effects and efficient

capturing of the suspended contaminations in the treat-
ment of the impurities.

The presence of bacteria and pathogenic (disease-
causing) organisms (especially coliform bacteria) is a
concern when considering the safety of drinking water.
Pathogenic organisms can cause intestinal infections,
dysentery, hepatitis, typhoid fever, cholera, and other ill-
nesses. After filtration of sewage sample, it was stirred
thoroughly at 1000 rpm for 20 min, then a 10 ppm of
sample was prepared using sterile distilled water. 1 ml of
the prepared sewage sample was inoculated into 20 ml
of melted, cooled nutrient agar. The nutrient agar was
mixed thoroughly and poured into a sterile petri plate.
This was allowed to solidify and then incubated at 37 °C
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Fig. 12 Elemental mapping analysis of solventless ecosynthesized TiO,@CuO@Chromite NCs
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Fig. 13 XRD diffractogram of solventless ecosynthesized TiO,@CuO@Chromite NCs

for 24 h. The number of discrete colonies were counted Figure 16 demonstratively shows the efficient bio-
and expressed as colony forming unit per ml (cfu/mL). logical treatment effect for the bacterial colonies of
1 mL of sterile water in 20 mL agar was used as control. the sewage sample. According to the result obtained
The same protocol was repeated for the treated sewage by the treatment on nutrient agar, after 24 h a large
sample and results were assessed to evaluate the biologi- number of bacterial colonies disappeared. The green
cal treatment of sewage sample using eco-NCs. approach employed during this study benefits from the
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Fig. 14 UV-Vis monitoring of sewage sample treatment using TiO,@CuO@Chromite NCs in different intervals of time (at zero time (A), after 20 min
(B), after 40 min (C), after 1 h (D))

Fig. 15 Microscopic monitoring of sewage sample treatment using TiO,@CuO@Chromite NCs in different intervals of time (at zero time (a), after
20 min (b), after 40 min (c), after 1 h (d))

deposition of bioactive phytochemicals on the large  Solventless synthesis of aryl nitriles

surface of ecosynthesized NCs. The accumulation of This study reports for the first time of solventless pro-

phytochemicals coated on the NCs caused the antibac-  cess in the ligand-free cyanation of aldehydes through a

terial activity of nanocomposite and its potential in bio-  safe and efficient pathway. The ecocatalytic solventless

logical treatment of sewage sample. cyanation of benzaldehyde (1.0 mmol) by K,Fe(CN),
(1.0 mmol) as a green CN™ source at room temperature
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Fig. 16 Biological treatment of sewage sample using eco-NCs in nutrient agar culture media

Table 2 Cyanation of aldehydes via solventless TiO2@
CuO@Chromite NCs-catalyzed reaction

Entry Substrate Product Time (min) Yield (%) TON
1 CgHsCHO CgHsCN 25 96 1920
2 4-MeCgH,CHO  4-MeC,H,CN 30 95 1900
3 4-MeOC H- 4-MeOC4H,CN 30 95 1900
,CHO
4 2-MeCeH,CHO  2-MeCeH,CN 30 93 1860
5 2-MeOCyH- 2-MeOC4H,CN 30 95 1900
,CHO
6 4-FCgH,CHO 4-FCeH,CN 45 88 1760
7 4-CICH,CHO  4-CICH,CN 45 90 1800
8 4-OHCgH,CHO  4-OHCH,CN - 50 92 1840
9 4-CHOC;H,N 4-CNCsH,N 45 88 1760
10 3-CHOGH,N  4CNCH,N 45 85 1700
11 14-(CHO),C¢H,  14-(CN),CeH, 55 86 1720

Reactions were performed on a 1.0-mmol scale with aldehyde (1.0 mmol), TiO2@
CuO@Chromite NCs (5.0 mol %), K,Fe(CN); (1.0 mmol) in solventless system at
room temperature

2 Isolated yield

assessed as model substrate with TiO,@CuO@Chro-
mite NCs (5.0 mol %) to screen optimum conditions.
Employment of the optimum conditions gave 96%
yield as the best result for the product during 25 min
(Table 1, entry 1). Increasing the amount of the cata-
lyst showed no considerable change in the output and
time of the reaction. There is no reaction progress with-
out application of the catalyst even after a lot of time.
The obtained optimum conditions were applied for
various types of aldehydes including electron-donating
and electron-withdrawing substituents (Table 2). The
results evidently showed that application of aldehyde
containing electron-donating groups produced excel-
lent-to-very good yields (Table 2, entries 2—5), whereas
aldehydes including electron-withdrawing substitu-
ents demonstrated lower efficiency. Of course in this
case electron-withdrawing substituents with inductive
effects show lower yield than the same substituents
with resonance effect (Table 2, entries 6-11). Table 3

presents a comparison between our method using eco-
nanocatalyst with other reported methodologies con-
cerning the synthesis of benzonitriles by using various
catalysts. Our method using TiO,@CuO@Chromite
NCs exhibited the best result for this reaction with a
96% yield at room temperature in a lower reaction time
and solventless system while other systems presented
lower yields even at high temperature and harsh reac-
tion conditions.

Following our literature survey there is no report on
the solventless catalytic cyanation of aldehydes to syn-
thesis of nitriles and this study is the first report of this
methodology in this subject. Higher yield, faster reac-
tion rate, reaction at room temperature, ligand-free,
simple, solventless and very economical preparation
of the reaction catalyst are other important benefits of
the method in contrast with the yield and conditions
reported by the previous methods. Thus, our absolutely
safe system introduces the best yield, time and econ-
omy for the synthesis of aryl nitriles.

Conclusion

We successfully examined the first time solventless and
safe protocol for ecosynthesis of TiO,@CuO@Chromite
nanocatalyst (NCs) which was then characterized using
SEM, EDS, elemental mapping, XRD and BET analysis.
The NCs were employed on both ligand and solventless
highly efficient and safe synthesis of aromatic nitriles
through the cyanation of aldehydes at room tempera-
ture that demonstrated the production of aryl nitriles
in very good-to-excellent yields. This protocol indi-
cated a green alternative to the existing methods since
the reaction proceeds in a solventless medium in the
absence of any ligand and organic solvent with simple
work-up procedure, low temperature, higher yield and
shorter reaction time. Besides the mentioned applica-
tion of ecosynthesized NCs, it was used for the physi-
cal and biological treatment of real samples of sewage
waters collected around the natural and residential area
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Table 3 Comparison of the current method with previously reported methods

Entry Reaction conditions Time Yield (%) Refs.
1 CgHsCH,OH, Cu(ClO,),-6H,0, TMSN;, DDQ, DCE, 60 °C 3h 80 [48]
2 CgH51, HCONH,, Cul, PPh;, POCl5, 140 °C 24 h 77 [49]
3 C4HsBr, HCONH,, Cul, PPh,, POCI3, 140 °C 24 h 31 (49]
4 CgHsCH,OH, Cu(NOs),, TEMPO, NH; (aq.), O, (1 atm.), 80 °C 5h 92 [50]
5 CgHsCHO, Cu(NO3),, NH; (aqy), O, (1 atm.), 80 °C 5h 85 [50]
6 CgHsl, Cu(l)-HAP, KF, DMF, 120 °C 15h 84 [51]
7 CgHsCHO, TiCl4, NH,OH-HCl, pyridine, 40 °C 2-3h 85 [52]
8 CgHsCHO, SnCl,-2H,0, NH,OH-HCl, NaHCO;, MeCN, 80 °C, open air 24h 80 [53]
9 PhCH=NOH, SnCl,-2H,0, MeCN, 80 °C, open air 5h 80 [53]
10 PhCH=NOH, GaCl;, MeCN, 80 °C, argon 5h 90 [53]
1 C¢H5I, [Rh(cod)Cl],, formamide, Xantphos, POCI3, 135-140 °C, N, 24 h 71 [54]
12 C6H5Br, [Rh(cod)Cl],, formamide, Xantphos, POCl;, 135-140 °C, N, 24 h 40 [54]
13 CgHsBr, K,Fe(CN),, ZnO-Pd NPs, DMF, 130 °C 13h 81 [55]
14 CgHsl, CUCN, L-proline, DMF, 80 °C 24 h 90 [56]
15 C¢HsBr, CuCN, L-proline, DMF, 120 °C 45h 76 [56]
16 CgHsCHO, NH,OH-HCI, MeSO,Cl, graphite, 100 °C 90 min 90 [57]
17 C¢HsCHO, TiO2@CuO@Chromite NCs, K4Fe(CN)6, solventless, RT 25 min 96 Current study

of northern parts of Iraq at room temperature. The pro-
cess was assessed using UV-Vis spectrophotometer,
optical microscopy and antibiogram tests that demon-
strated the efficient ability of the eco-NCs in physical
and biological treatment of sewage samples in a short
duration. Generally, these protocols can be utilized for
safe production of nitriles and recycling and cleaning
the sewage waters and other environmental pollutants.
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