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Abstract

The synthesized novel flavonol was studied by 'H NMR spectroscopy, 2°C NMR spectroscopy, FTIR, GC—mass spectrometry.
And moreover, the metal complexes (M =Fe, Ni, Cu) with TiO, nanocomposites are synthesized and studied by UV-Vis—
NIR spectroscopy, GC—mass spectrometry, UV-Vis—-DRS, XRD profile, SEM and TEM techniques. The performance of
photocatalytic degradation of malachite green (MG) under visible light irradiation by Metal (M =Fe, Ni, Cu,) complex of
3-hydroxy-2-(3-nitrophenyl)-4H-chromen-4-one of nanocomposite was studied. In photocatalytic degradation of MG, the
detail investigations are made by the effect of catalyst concentration; initial MG concentration and addition of inorganic salts.
The MG photo degradation result of different ML-TiO, is as follows Cu(II) > Fe(II) > Ni(I). Interestingly, the CuL-TiO,
has better photocatalytic efficiency of 97% as compared to the other ML-TiO, in visible light at 80 min. The adsorption

malachite green on ML-TiO, was found to boost by the Langmuir and Freundlich approach.

1 Introduction

Most of the industrial waste dyes are harmful to the sur-
rounding environment. Among these organic pollutants,
MG has been considerable attention due the stable chemi-
cal behavior of the environment. Removal of organic/inor-
ganic pollutant from the ecosystem is a great challenge to the
researchers. In the past few decades, the researcher identified
TiO, has a substantial role in the removal of the later said
pollutants. On the other hand, TiO, as the photocatalyst have
(i) low sensitivity in the range of visible region (ii) high rate
of recombination of photogenerated electron—hole pair. The
above identified problems of TiO, are removed in recent
research by organic/inorganic composites. Because of the
absorption is shifted towards the higher frequency, which
means that the greater the photon energy gives more energy
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to the photogenerated electron—hole pair. Recently numer-
ous research articles are published for the removal of envi-
ronmental hazards by the process of photocatalytic activity,
such as N-benzyl-ocarboxymethyl Chitosan magnetic nan-
oparticles [1] Halloysite nanotubes [2] Amino functioned
graphemes [3] Fibrous sodium titanate [4] poly GMA/DVB
[5]. Among them, surface modified TiO, by metal com-
plexes have better photocatalytic activity. The efficient per-
formance of coordination metal complexes are takes place
as functional materials for the enhanced adsorption and
photodegradation [6—8]. Because of the metal complexes
are acting as high energy photon sensitizer for efficient the
photocatalytic activity of semiconductors. Metal complexes
(ML) materials are an effect of combination of ML and TiO,
(ML-TiO, or ML/Ti0,), it has attractable structures, large
surface areas, microporous sizes and adsorbate—ML inter-
action sites [9]. Moreover, pore volume utilizing catenation
and creation of open metal sites and incorporation of dif-
ferent functional groups in metal complexes at octahedral
environment. Because the correlation between metal com-
plex structures and potential properties [10—12]. In general
the functional properties of metal complexes are depends
on their pores. In this research paper, to examine for novel
photocatalyst with suitable conditions a complete photodeg-
radation of the organic pollutants can be achieved and the
general mechanisms are also investigated.
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2 Materials and methods

2.1 Synthesis of ligands (3-hydroxy-2-(3-nitropheny
1)-4H-chromen-4-one)

4-Nitrobenzaldehyde and 1-(2-hydroxyphenyl) ethanone in
1:1 molar ratio were mixed and refluxed over a water bath for
complete the reaction. The resulting chalcone separated out
upon cooling, and then further add 30% H,0, and NaOH.
The resulting Flavonol was filtered, washed with ethyl ace-
tate, and dried.

3-Hydroxy-2-(4-nitrophenyl)-4 H-chromen-4-one, 60c
mp, 206-209° C (aq.ethanol); yield: 90% UVA,,,, (MeOH):
372 nm, IR (Fig. 2a) (KBr, cm™1): 3080.32 (OH-3), 1757.14
(C=0), C-N (str) 1601.78, 1541.12, 1517.98. '"H NMR
(Fig. 2b) (500 MH,, CDCl;): & 6.57-7.72 (m, 8H, Ar-H),
11.23 (s, 1H, OH-3). 1*C NMR (Fig. 2b) (125 MHz, CDCl,):
0 114.91, 121.78, 122.55, 123.22, 124.97, 136.02, 138.43,
144.03, 155.83, 171.17, (CO). Anal.Calcd for C;sHyNOs: C
63.61; H 3.20, found: C 63.65%; H 3.22%. The mass of the
molecular ion (M+) at m/z 283.04 (M—OH)+), base peak at
m/z 221 ((M—-OH)+), suggesting the presence of OH group.
The position of the OH group at C (3) is evident from retro-
Diels—Alder fragment ion at m/z 121 (A, +H) and 105 (B2+).

2.2 Synthesis of metal complex (C,;H, M NO;):
(M=Cu, Fe, Ni)

The complex was prepared in a moderate yield from the
reaction of MCI,-2H,0 with the prepared ligand in 1:2M
ratio. The ligand (0.61 g, 2 mM) dissolved in methanol
was added slowly to a methanolic solution of MCl,-2H,0
(0.24 g, 1 mM) with continuous stirring which was followed
by a change in the color of solution to brown. After for 24 h
at room temperature, a brown precipitate obtained was sepa-
rated out. This precipitate was then washed with hexane and
dried in vacuo. The scheme of synthesis is shown in Fig. 1.

NaOH
—_—

CHO
OH
E:['( H,0,
O
1 -(2—}1ydroxyph(:nyl)cﬂ’lal’lol”l\lco2

2-formyl-5-nitrobenzene-1-ylium

O
3-hydroxy-2-(4-nitrophenyl)-4/ -chromen-4-one

Yield 69% m.p. 279° C. Anal. (%) Calc. For (C;sHy Cu
NOs): C, 62.02; H, 3.63; Cu, 9.94; N, 4.38; O, 20.03. Molar
conductance, (1 x 107> M, methanol): 210 Q" cm? mol™!
(1:2 electrolytes). From the Fig. 2a, selected IR data on KBr
pellet (y/m cm™!); 1705.70 (C=0); 1266.18 (NO,); 749.14
(Cu-0); UVA,,, MeOH): 350 nm. Figure 3a reveals that
the ESI-MS (m/z) 346.68 [C,sH,NOsCu]™ (m/z) 629.90[(C,
oH16N2010),Cu].

Yield 65% m.p. 254° C. Anal. (%) Calc. For (C,;sH, Fe
NOs): C, 62.77; H, 3.66; Fe, 8.84; N, 4.44; O, 20.27. Molar
conductance, (1 X 1073 M, methanol): 180 Q' cm? mol™!
(1:2 electrolytes). Moreover Fig. 2a selected IR data on
KBr pellet (y/m em™); 1718.12 (C=0); 1278.96 (NO,)’
761.92 (Fe-0); UVA,,x MeOH): 347 nm. Figure 3b illus-
trates that the ESI-MS (m/z) 347 [C,sHoNOsFe]* (m/z)
631[(C;0H;¢N,0,), Fel.

Yield 68% m.p. 265° C. Anal. (%) Calc. For (C,5Hy Ni
NOs): C, 62.49; H, 3.66; Ni, 9.25; N, 4.42; O, 20.27. Molar
conductance, (1x 103 M, methanol): 150 Q! cm? mol™!
(1:2 electrolytes). As shown in Fig. 2a, selected IR data on
KBr pellet (y/m cm™Y); 1744.16 (C=0); 1227.17 (NO,)’
723.59 (Ni-O); UVA_,« (MeOH): 328 nm. Figure 3c shows
that the ESI-MS (m/z) 341 [C,sHyNOsNi]* (m/z) 624[(C,
oH16N20 1) Ni] ™.

2.3 Synthesis of metal complex modified TiO, (ML-
TiO,) nanoparticles

ML-TiO, was synthesized from dispersing 0.1 g of Metal
complex and 3 g of TiO, in 50 ml of chloroform. This mix-
ture was taken in a round bottom flask equipped with a reflux
condenser. The whole mixture was refluxed at 70 °C for
3 h. After that the mixture was cooled, filtered and repeat-
edly washed with chloroform to remove the unreacted metal
complex. The resulting solid was dried in an oven at 100 °C
for 1 h.

NO,

Q. O NO,

[o)
N/ M
/ \O Cu?* Ni?",FeZ"

D

Metal complex

MCl,
—_—

string

O,N

Fig.1 The scheme of synthesis of 3-hydroxy-2-(3-nitrophenyl)-4H-chromen-4-one and Cu(ll) complex, Fe(II) complex and Ni(II) complex

3-hydroxy-2-(3-nitrophenyl)-4H-chromen-4-one

@ Springer



Journal of Materials Science: Materials in Electronics (2019) 30:6669-6679

6671
Fig.2 a FTIR spectrum of (a) —— Ni complex
Ligand and their Metal com- 300 - Fe complex
1 =t Cu complex
plexes. b "H NMR spectrum — Ligand
and C'* NMR spectrum of 250 ~ L\
3-hydroxy-2-(3-nitrophenyl)- N—r v\/
4H-chromen-4-one X 200 e {
=]
§ 150 - ——
€ _.-\__//
2 100
o x\
=
\ " ﬂ)
50 )
VN v
0
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)
” 8 NHSERNERASESSRANN g
= NENNKNNNG GO OO0 OO OO0 Q@
T 1HNMR
,
|
I
|
L J
4
12I45 12{0 1115 11‘.0 10‘5 lﬂIAO 915 9.0 BIS BiO 7}5 7:0 615 610 SES StO 4:5 410 315 3.‘0 ZZS 2:0 115 1:0 0:5 OiD
f1 (ppm)
5 8 8 95 &S ANBR &
g & % 8 Y888 3
T 13C NMR
| |
| |
|
L " [
2;0 Z(IJO 1;0 1;0 1;0 1;0 1;0 1“10 1;0 1;0 1;0 1(')0 9‘0 BID 7‘0 G‘D 5‘0 4‘0 3'0 Z‘U 1'0 (’l
f1 (ppm)

@ Springer



6672

Journal of Materials Science: Materials in Electronics (2019) 30:6669-6679

Fig.3 Mass spectrum of

a Cu(II) complex, b Fe(II)
complex and ¢ Ni(Il) complex
3-hydroxy-2-(3-nitrophenyl)-
4H-chromen-4-one
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Fig.4 a SEM image of Cu L-TiO, nanoparticles. b TEM image of »
Fe L-TiO, nanoparticles. ¢ Ni L-TiO, nanoparticles size distribution.
d XRD pattern of synthesized ML-TiO,

3 Result and discussion

ML (Cu, Fe and Ni)—TiO, nanoparticles are studied form the
SEM and TEM. Figure 4a as it can be seen in the spherical
like morphology with uniform size of CuL-TiO, sample show
particles with great aggregation. Figure 4b, c, the typical TEM
images of the Fe and Ni metal complex TiO, nanoparticles
indicates that the TiO, nanoparticles are uniform in size with
agglomerates of 5-10 crystallites and highly crystalline TiO,
aggregates composed of nanoparticles with particle size of
71-126 nm for Fe metal complex TiO, and 100-206 nm for
Ni metal complex TiO,. The XRD pattern of the ML (Cu, Fe,
and Ni)-TiO, (Fig. 4d) illustrates the sharp peaks are observed
at diffraction angles 20 value for ML-TiO, (JCPDS card #
21-1272). The average crystallite size of CuL-TiO,, FeL-TiO,
and NiL-TiO, is determined as 34 nm, 31 nm and 46 nm using
the Scherer’s formula respectively.

KA
BcosO

B is the Full Width at Half Maximum in radians. K is a
constant. A is the wavelength, D is the crystallite size and 8
is the Bragg angle [13]. (c)

UV-Vis DRS, free TiO, has a strong absorption in the
region of 397 nm which was greatly improved after being
sensitized by NiL-TiO,, FeL-TiO, and CuL-TiO, leading
to the red shift of absorption towards the visible region.

The absorption efficiency of the photocatalysts is analyzed
by Tauc approach. The optical band gaps are highly suit-
able for receiving visible light. The energy band gap of the
Metal complex (C;5 Hy M NOs)-TiO, are determined by
extrapolation of the linear portion of the curves of (ahv)?
vs hv as shown in Fig. 5 [14]. The intra ligand bands are 100 nm
slightly shifted to longer wavelength upon complexation i
with metal ions. The n — #* (forbidden transition) takes

place in 3-hydroxy-2-(3-nitrophenyl)-4 H-chromen-4-one is (d) E _ NiL - TiO,
due to unsymmetrical nuclear vibrations, but in Metal com- T oS = =

plexes (Fig. 1.) # — z* (allowed transition) is occurred by —_ = ot =Pl NEENE -
symmetrical nuclear vibrations. The shift of the © —* bands = e LS '7 E = I; E

to for the longer wavelength region the metal complexes S \-MAA_:‘:_L
are due to the C=0 and N=O bond being weakened and -z‘ Fel - Tio
its act as a flurophores the enhanced conjugation system on 2 g
complexation. Tauc plot of Fig. 5 gives band gap of 2.39 eV, O M~ l | WY
2.26 eV, 2.15 eV, for ML-TiO, (M =Cu?*, Ni** and Fe’") = Sl T
and it showing small variation, may be due to the rigid phe- Y N TR z
nyl cores in three compounds are inert and also supports 10 20 30 40 50 60 70 80 90
the fact that the two O atoms of the carbonyl moiety are the 2 0 (degree)

nodal points in the arrangement of the valance band (VB)
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Fig.5 Tauc extrapolation graph of ML-TiO, (M=Cu?*, Ni** and
Fe2+)

and conduction band (CB) of the orbitals [15]. The decreas-
ing band gap level from TiO, to ML-TiO, more number
of electrons able to transfer from valance band to conduc-
tion band compare to the naked TiO, (3.12 eV). Synthesized
ML-TiO, has significantly absorption intensity the visible
region compared to the free TiO, [Ti*" has no unpaired
electron in distorted octahedron structure (Fig. 6a)], which
is due to the ligand to metal charge transfer (LMCT) from
ML to Ti (Ti** has only one d-electron in octahedron struc-
ture (Fig. 6b)) and it is result shows octahedral coordina-
tion structure [13]. Finally, band gap decreased from 3.12 to
2.39¢eV, 2.26 eV and 2.15 eV and it shows that photosensi-
tizer nature of the ML was adsorbed on the surface of TiO,.

4 Photocatalytic mechanism of MG

ML-TiO, gives rise to bright colours associated with transi-
tion metal complexes in case of ML-TiO,, Ti** complex ion
(Ti** has only one d-electron) the light of the wavelength in
the visible region of the spectrum as shown in Fig. 6b, c. In
ML-TiO, when light is absorbed by a complex ion, an elec-
tron in one of the lower energy to higher energy. The energy
corresponding to the frequency of the absorbed light is equal
to energy in octahedral environment. Metal complexes is
performed as a photosensitizer and transfer the electrons
to ML-TiO, heterojunction, narrows the band gap of TiO,,
hinders the electron—hole pairs recombination, extends the
work in visible light, and increase the photocatalytic activity
of catalyst. The photocatalyst mainly involve the formation
and reaction of -OH radicals.

@ Springer

4.1 Adsorption studies through batch approach

Figure 7 is designated clearly that the % of adsorption of MG
increased with increasing the amount of adsorbents from
0.005 to 0.020 g L™! due to the subsistence of adsorbents
site for the adsorption of MG from polluted aqueous solu-
tion. Consequently there is not major increase in the % of
adsorption after 0.020 g/L since moves persistently from
0.020 to 0.040 g/L due to no availability of adsorption sites
in the all adsorbents.

Batch approach used for studying the Adsorption works
by shaking 0.020 g of the adsorbents like CuL-TiO,,
FeL-TiO,, NiL-TiO, and TiO, in 40 mL solution of MG
with 180 ppm concentration for 50 min in the rotator water
bath shaker at 250 rpm stirring rate. Then the effect of initial
metal-ion concentration and contact time were also deter-
mined for the MG adsorption onto various adsorbents. MG
concentration in the supernatants after the adsorption onto
the different adsorbents was calculated with UV-visible
spectrophotometer. The equilibrium adsorption capacity of
the all adsorbents was found with this equation:

de = (Co - Ce) X V/M (D

Where q, is the equilibrium adsorption capacity (mg g™?),
Co and C, is the initial and final MG concentration (mg LY
at equilibrium, V is the volume of solution (L) and M is the
weight (g) of adsorbent [16].

4.2 Adsorption isotherm analysis

Figure 8 indicated that the Cg raises from 30 to 180 mg Lt
due to the initial concentration creates essential driving force
by the development of concentration gradient between the
bulk solution and surface of the four adsorbents [17]. No
significant enhance in the adsorption capacity of the four
adsorbents beyond 180 mg/L due to the saturation of surface
active sites over it. The mechanism between MG and four
adsorbents can be identified by the various adsorption iso-
therm models as Freundlich and Langmuir isotherm models.
The values were found from the Figs. 8, 9a, b, 10a, b, 11a,
b, 12a, b and are tabulated in Tables 1 and 2:

Freundlich isotherm : logq. = logKg + (1/n)logC, )

Langmuir isotherm: (Ce/q,) = (1/Q,b) + (Ce/Q,)

3

Where K. (mg g7') is the Freundlich constant and ‘n’
the Freundlich exponent. Where q, (mg g 1) is the adsorbed
amount of MG at equilibrium, C, (mg L™ 1Y is the equilibrium
concentration of MG, Q, (mg g~ and b (L mg™") are Lang-
muir constants related to adsorption capacity and energy of
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Fig.6 Schematic representation of a Distorted octahedral of anatase phase of TiO,. b Octahedral ML-TiO, (M=Cu>") and ¢ photocatalytic
pathway of ML-TiO,

adsorption. Then the Langmuir isotherm noteworthy value The R; value supposed the nature with feasibility of
as separation factor (R; ) can be calculated with the Eq. 4. adsorption process is stated in Table 1. The calculated

high R? value proved that the adsorption of MG on four
Ry = 1/(1+bQ,) @ ’ b

@ Springer



6676 Journal of Materials Science: Materials in Electronics (2019) 30:6669-6679

adsorbents can be fitted well with Langmuir isotherm  for adsorption. The adsorption capacities of the four adsor-
as evaluated to the Freundlich isotherm. The R; value  bents and former adsorbents for the removal of MG from
(Table 3) ranges from 0 to 1 proved that the adsorption = aqueous solution or wastewater are stated in Table 4 [1-5].
process is favorable for the four adsorbents [18]. Moreo-
ver, CuL-TiO, exhibited a superior adsorption activity as
compared to the other three adsorbents. The value of then 4.3 Adsorption kinetics study
greater than 1 suggested that the concerned environments
Figure 13 clearly suggested that the adsorption process
Effect of adsorption dosage for MG adsorption with ML-TiO2 was quick at the beginning of reaction and over in 50 min.

205 As a result, extended successive point for the MG adsorp-
100 - tion on four adsorbents was stopped in 80 min. Thus the
8 a0 stability time was 50 min for this adsorption. Further, no
= considerable change was found due to the happening of
—§ 60 —— CuL-TiO: more active sites on four adsorbents at the start of reaction
;i %0 - ~#- FeL-TiO: and more active sites were not presented on four adsor-
—&— NiL-Ti0: bents after 50 min. The pseudo-first-order and pseudo-
207 —=— TiO: second-order kinetic representations were exploited to

0 : , . ‘ ‘ inform like adsorption.

o 10 20 30 40 50

Btk dasnue s Log (q. — q,) = logq, — [k;/2.303] t 5)
Fig.7 Effect of adsorbent dosage t/ q =1 / kzqe2 + t/ 9e (6)

Where k; is the pseudo-first-order rate constant
(min~'), q, (mg g~!) is the adsorption capacity at equi-

Adsorption of Malachite Green from Polluted aqueous solution by

using various ML-TiO; Nano adsorbents librium, g, (mg g~") is the adsorbed amount of MG after
=0 ) time t (min), k, is the pseudo- second-order rate constant
N ¢ CuL-TiO: > o > i (g mg~! min~!). The all values were determined from
2 2% | @ rermio: B A A Fig. 14a, b as well as tabulated in Table 5. The calcu-
% 200 lated R? values of the four adsorbents for pseudo second-
& A NiL-TiO2 i o= m = . . .
2 1s0 i order kinetic model is upper than the pseudo-first order
jé: 0o | =T i kinetic model and then the experimental g, values of the
= i four adsorbents are extremely closer to the determined q
> i value for pseudo-second-order kinetic model as compared
’ 0 100 150 200 290 200 to Pseudo-first-order kinetic model. Hence the adsorption
Initial Concentration (Mg/L) processes of the four adsorbents were followed Pseudo

second order kinetic model [19]. Then the adsorbent
Fig.8 Effect of concentration on the removal of MG from aqueous CuL-TiO, displayed better adsorption results while com-

solution
pared to the other adsorbents.
Freundlich adsorption isotherm for MG b Langmuir adsorption isotherm for MG adsorption by
(a) adsorption by CuL-TiO, ( ) CuL-TiO,
34 0.6 -
2.5 |
05 ¥=0.003x + 0.078
2 4 R2=10.991
R 0.4 -
& s y=0.418x + 1.219 °
3 1.5 1 R?=0.983 < 03
1 o
0.2
0.5
01 1 &
’ 0 o‘ﬁ 1 1‘< 2 25 0 ‘ ‘ :
- - . 0 50 100 150
LogCe Ce

Fig.9 Freundlich (a) and Langmuir plots (b) for MG removal by CuL-TiO,
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(a) Freundlich adsorption isotherm for MG adsorption (b) Langmuir adsorption isotherm for MG adsorption
by FeL-TiO; by FeL-TiO;
3 -
0.6 -
25 »
0.5 - >
2
= 0.4 -
g0 P o y=0.0034x + 0.109
1.5 2=
= y=0.539x + 0.937 S 03 - R2=0.981
R2=0.959 o
11 0.2 -
0.5 - 01 ¢
0 T T T T ) o T T T .
0 0.5 1 15 2 25 o 50 100 150 200
LogCe Ce
Fig. 10 Freundlich (a) and Langmuir plots (b) for MG removal by FeL-TiO,
Freundlich adsorption isotherm for MG adsorption b Langmuir adsorption isotherm for MG adsorption by
(a) by NiL-TiO; ( ) NiL-TiO,
3.
0.6
5 -
23 Aol 0.5 - .
*
o 21 Py 0.4 - ~
= Py v=0.0038x + 0.115
e0 1.5 * v=10.626x + 0.518 Q 03 - R2=0.948
3 R*=0.936 3
14 0.2 -
0.5 - o1l ¢
0 ‘ - : ‘ . 0 T w w 1
0 0.5 1 1.5 2 25 0 50 100 150 200
LogcCe Ce
Fig. 11 Freundlich (a) and Langmuir plots (b) for MG removal by NiL-TiO,
(a) Freundlich adsorption isotherm for MG adsorption (b) Langmuir adsorption isotherm for MG adsorption
3 by TiO, by TiO,
0.7 4
25 ¥=0.0074x + 0.142
0.6 - R2=0.915
-
2 05 -
) v=10.958x + 0.261
; 15 . R2=0.918 & 04
- 8 03 -
l 4
0.2
0.5 0.1 -
0 . . i . i X 0 :
0 0.5 1 15 2 25 3 o 50 100 150 200
Log Ce Ce
Fig. 12 Freundlich (a) and Langmuir plots (b) for MG removal by TiO,
5 Conclusion conditions by the reaction of transition metal chloride

salts and flavonol of synthesized organic compound (L:3-

The successfully synthesized three metal complex materi- ~ hydroxy-2-(3-nitrophenyl)-4H-chromen-4-one). Through
als, CuL-TiO,, FeL-TiO, and NiL-TiO, under Sol-gel  three complexes materials were characterized by UV-Vis
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Table 1 Freundlich isotherm factors for MG removal onto the adsor-

bents

Freundlich isother =~ CuL-TiO, FeL-TiO, NiL-TiO, TiO,
factors

N 2.3923 1.8552 1.5974 1.038
Kg 16.5576 8.6496 3.2960 1.8238
R? 0.983 0.959 0.936 0.918

Table 2 Langmuir isotherm factors for MG removal onto the adsor-

bents

Langmuir iso-  CuL-TiO, FeL-TiO, NiL-TiO, TiO,
ther factors

Q, 333.33 294 263.15 135.13
b 0.0384 0.0312 0.0330 0.0521
Ry 0.0723 0.0982 0.103 0.1243
R? 0.991 0.981 0.948 0.915

Table 3 Nature of adsorption isotherm and the feasibility

R; value Adsorption process
Ry >1 Unfavourable

R =1 Linear

0<R; <1 Favourable

R = Irreversible

Table 4 Comparison of adsorption capacities of different adsorbents

with ML-TiO,

Adsorbent MG References
N-Benzyl-ocarboxymethylchitosan 144.79 [1]
magnetic nanoparticles

Halloysite nanotubes 99.6 [2]

Amino functionalized graphenes 91.48 [3]

Fibrous sodium titanate 261.38 [4]

poly GMA/DVB 13.6 [5]
CuL-TiO , 333.33 Present work
FeL-TiO , 294 Present work
NiL-TiO , 263.15 Present work
TiO , 135.13 Present work
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Fig. 13 Effect of contact time on the removal of MG from aqueous
solution

spectra, IR spectra, 'H NMR spectroscopy, °C NMR
spectroscopy, GC-MASS spectrometry, XRD analysis and
HRTEM. The UV-Vis spectra showed that the three com-
plexes were octahedral structures with band gap ranges
2.15-2.39 eV.

In addition we investigated the photodegradation ability
of the three complexes for malachite green dye under Visible
light. The result showed that three complexes had different
degradation ability to MG solution. Further we found that
the degradation process was in accordance with pseudo-
second-order kinetic model and the correlation constant is
as high as 0.9-0.99, which indicates that the rate of adsorp-
tion is takes place on surface adsorption. The most signifi-
cant is that the adsorption capacity of copper complexes
(CuL-TiO,) can reach 0.020 g when the MG concentration
is 180 ppm and time 50 min. Therefore, these may have a
potential effect on our degradation of MG in wastewater.

The electronic configuration of copper(Il) ion has Jahn
teller distortion, which make excellent candidates for carry
stable and more electrons by changing the redox potential as
compared to the other metals in the complexes. Copper(Il)
complex of 3-hydroxy-2-(3-nitrophenyl)-4H-chromen-4-
one high frequency sensitive photocatalyst. CuL-TiO, plat-
form exhibited a superior performance based on all respects
especially on adsorption activities compared to other three
adsorbents. Hence the built up CuL-TiO, can be applied
efficiently for the elimination of high concentration MG
from polluted aqueous solution and waste water in textile
industries.
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(a)

Pseudo First Order Kinetics for MG on
Various ML-TiO, adsorbents ¥ =-0.036x + 2.980

3 - *

Pseudo Second Order Kinetics for MG on
Various ML-TiO; adsorbents

RS 08 ¢ CuL-TiO: &
25 | e e 0.7 ™ FeL-TiO: ’“
~ - ¥ = 0.0039x + 0.183
2 y=-0.033x +2.648 0.6 4 NIL-TiOz J"’ R* = 0.966
= R2=0.941 S il
% 1.5 4 - ¥=-0.026x + 2.233 spo w TiO:2 "’ ¥ u':?,\(‘.:g»_;»_pn
g @ cuLTiO: k=028 = )
17 B Fel-TiO2 " o 0.0032x + 0.200
A NiL-TiO2 o —A _§—* e  R*-0986
051 s TiO2 ”77‘,,"" <
0.1
0 T T T 1
o 20 40 60 80 o 0 20 40 60 S0 100
Contact Time (min) Contact Time (min)
Fig. 14 a Pseudo I order, b Pseudo II order kinetics for MG removal by ML-TiO,
Tag'e i _ Ps.e“dt? ﬁ{\j{‘ and Seco?d Pseudo order of  CuL-TiO, FeL-TiO, NiL-TiO, TiO,
order kinetics for MG remova Kinetics param-
onto the adsorbents eters 1 I 1 I 1 I 1 I
TS
qe 954.99 312.5 690.23 277.77 444,63 256.41 215.27 166.66
K, 0.08295.12x1075  0.07836.78x10™>  0.07598.31x 107>  0.04603.05x 107*
R? 0.972 0.986 0.952 0.976 0.941 0.966 0.928 0.958
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