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Abstract
Novel Chiral mixed ligand complexes of Zn (II) metal having general molecular formula is
[ZnPCIINAP) (aa).2H7O]; where PCIINAP is sodium salt of p-chloroisonitrosoacetophenone

and aa is a L- Amino Acids such as Alanine, Valine, Leucine, Methionine and Phenylalanine were
prepared. Characterisation of complexes done by various physico-chemical techniques like
elemental analysis, molar conductance determination, magnetic susceptibility measurements,
electronic absorption spectral studies and also supported by IR and TG-DTA analysis with specific
optical rotations. The photocatalytic activity of these metal complexes were studied as a
heterogeneous catalyst for degradation of Eriochrome Black T (EBT) dye.

Keywords: Chiral zinc metal mixed ligand complexes, Characterisation study, Photocatalytic activity,
Dye degradation.

Introduction

Azo Dyes are widely used in textile so due to disposal of such dyes in an environment like in water bodies
are very hazardous effect on all living organisms', therefore, it’s become very important to degrade azo
dyes®!®. Heterogeneous catalyst'®>} were used for degradation of dye molecule from aqueous solution
under UV or Visible light by photocatalytic action. Eriochrome Black T (EBT) is one of the important azo
dyes which is widely used in dyeing silk, wool, nylon, multifibre and complexometric titration for an
estimation of ions like Ca**, Mg?** and Zn**. EBT is one of the very hazardous dye also their intermediate
product Naphthaquinone is more carcinogenic. Therefore, it has become very serious situation for effective
treatment of wastewater containing EBT Dye but, a very few work has been investigated in the literature
on the effective decolorization of such dye?*. Complexes and also their oxides play important role to
degrade dye molecule by photocatalytic action>>?®, Heterogeneous photocatalysts, especially using Zn (II)
metal ligand complexes because of its nonchemical reactivity, non-toxicity and easy recovery by filtration
methods Zinc metal complexes has been widely used for effective photocatalytic degradation of azo dye.
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Experimental

Materials and Methods

Chemicals were used are of AR grade. All L- amino acids were used of HIMEDIA. The sodium salt of p-
chloroisonitrosoacetophenone was prepared by reported method in the literature?’. All required solvents
were distilled and purified by standard procedures.

Synthesis of Complexes

The Zinc complexes were synthesized by using an aqueous solution of Znic (II) sulphate heptahydrate
(1Immol) and sodium salt of p-chloroisonitrosoacetophenone (1 mmol). The mixture was stirred and kept
on heating mental for refluxing 30 minutes after that an aqueous solution of the sodium salt of amino acid
(1 mmol) is added. The final mixture (1:1:1 molar proportion) was again heated and refluxed for three
hours on heating mental. The solid complexes were obtained are cooled, filtered and washed with ice-cold
water followed by 1:1 ethanol:water solvent system. The complexes were dried and weighed.

Presence of Zinc metal content in the complexes was determined complexometrically by standard
procedures®®. The elemental analysis was carried out at the microanalytical laboratory SAIF LLT.,
Mumbai. For determination of molar conductance values DMF solution of 10~ M concentration were used
and measured on a EQUIP-TRONICS EQ-664ACM-180 digital conductivity meter with magnetic stirrer
(cell constant = 1.0 cm™!). Magnetic properties measured at room temperature by using Gouy’s balance
Batra Trading Company Model GMX-TR2 with Hg[Co(SCN)4] as a calibrant. Effective magnetic moments
were calculated®® after applying diamagnetic corrections for the ligand components using Pascal’s
constants all zinc complexes shows diamagnetic in nature. All complexes shows levorotatory optical
rotation . For electronic absorption spectral study of the complexes were recorded in DMF on a Shimadzu
UV-1800 spectrophotometer. Thermal Analysis (TG and DTA) of all the metal complexes were recorded
on a Rigaku Thermo Plus-8120 TG-DTA instrument. FTIR spectra of all the ligands and their metal
complexes interpretation®® and recorded on using an IRAffinity-1S FTIR SPECTROPHOTOMETER
SHIMADZU, SERIAL NO. A221354, SHIMADZU CORP. 00525 in the region 4000400 cm™'. From all
above analysis results geometry of complexes indicated octahedral in nature. The chemical structure of
CML Zn (1) complexes is shown in Fig.1.

o I

= c Where, R = (CH,) for Alanine
‘ ‘ ‘ | R = (CH,), for Valine
@] N—=— O R = CH,CH(CH,), for Leucine
\ / R = (CH,),SCH, for Methionine
R = CH,CH;, for Phenylalanine
OH,—»> M=—0H,

/N

O
T
H
Fig. 1: Chemical structure of the Chiral Mixed Ligand Zn (II) complexes
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Preparation of Eriochrome Black T (EBT) Dye Solution

A] Preparation of 100 ppm solution - 100 mg of EBT dye dissolved in 1000 mL with deionized water.
B] Preparation of 10 ppm solution- Dilute 50 mL solution in 500 mL deionized water from 100 ppm to
prepare 10 ppm dye solution. This 10 ppm sample solution was used for photocatalytic degradation study.
Photocatalytic activity

Photocatalytic degradation of EBT dye by Zinc metal complexes have been studied in presence of Tungsten
filament 40-W lamp. This degradation was investigated by different time interval (30 min. 60 min. and 90
min.), concentration of Dye (10 ppm) and various amount of catalyst (25mg, 50 mg, 75 mg and 100 mg)
respectively. Absorbance was measured by both, before and after irradiation of light on the dye sample
with and without catalyst. After irradiation, the catalyst was separated by centrifugation and the absorbance
of supernant solution of dye sample was recorded on a Shimadzu UV-1800 spectrophotometer at
wavelength of 530 nm. The % of dye degradation was calculated using the formula,

Ao—At X 100

Ao

Where A, and A; are the absorbance of EBT dye sample before and after the photocatalytic reaction.

% Degradation =

Results and Discussion

Photocatalytic Activity

Determination of Maximum Absorbance Wavelength (Amax) of EBT Dye

For determination of Amax 100 ppm concentration (100 mg/L) EBT Dye solution were used and it was found
at Amax 530 nm shown in Fig.2.

Active Spectrum Graph Report OUIN2024 025404 PM

Data Set EBT Dye - RawData

Fig.2: Wavelength of maximum absorbance of EBT Dye Amax 530 Nm
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Determination of Initial Absorbance (Ao)
For determination of Initial Absorbance (A,) 10 ppm dye solution was used and absorbance obtained (A,
=0.101) shown in Fig.3.
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Fig.3: Initial Absorbance (Ao) of EBT Dye Without Light Irradiation

To study the photocatalytic activity of complexes used as heterogenous catalyst in two ways

I] Effect of Time on Degradation:

In First way keeping fixed concentration (10 ppm) of dye and 50 mg amount of complex with varying time
interval 30 minutes, 60 minutes and 90 minutes absorbance measured at wavelength 530 nm. Which is
tabulated in (Table-1) and represented in curve (Fig.4) shown as below,

Table 1: Effect of Time on Dye Degradation

Sr. No. | Catalyst Time (min.) | Absorbance Degradation
(Ao %
30 0.043 57.42
1 [Zn(PCIINAP)(Ala)-2H,0] 60 0.037 63.36
90 0.032 68.31
30 0.042 58.41
2 [Zn(PCIINAP)(Vali)-2H,O] 60 0.036 64.35
90 0.030 70.29
30 0.039 61.38
3 [Zn(PCIINAP)(Leu)-2H20] 60 0.034 66.33
90 0.027 73.26
30 0.038 62.37
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In this study percentage of degradation of dye sample increases with increasing time. At time 30 minutes
range of % degradation obtained 57.42 - 64.35 %, for 60 minutes shown 63.36 — 7.29 % degradation and

4 [Zn(PCIINAP)(Meth)-2H>O] 60 0.032 68.31
90 0.025 75.24
30 0.036 64.35
5 [Zn(PCIINAP)(Phenylala)-2H>O] | 60 0.030 70.29
90 0.024 76.23
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[Zn(PCIINAP)(Meth)-2H20]
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Fig. 4: Effect of Time on Dye Degradation

90 minutes shown 68.31 — 76.23 % degradation respectively.
IT] Effect of amount of Catalyst on Degradation:

In Second way by varying the amount of catalyst and fixed 10 ppm concentration of dye sample was
irradiated with light for 90 minutes. After irradiation absorbance was measured and it was found to be
increased. With increasing the amount of catalyst, the % dye degradation increased. Which is tabulated in

(Table-2) and represented in Fig.5 shown as below,

Table:2 Effect of amount of Catalyst on Dye Degradation

Sr. No. | Catalyst Amount Absorbance Degradation
mg (At) %
25 0.087 13.86

1 [Zn(PCIINAP)(Ala)-2H20] 50 0.032 68.31
75 0.028 72.27
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100 0.024 76.23
25 0.086 14.85
2 [Zn(PCIINAP)(Vali)-2H:0] 50 0.030 70.29
75 0.027 73.26
100 0.023 77.22
25 0.085 15.84
3 [Zn(PCIINAP)(Leu)-2H,0] 50 0.027 73.26
75 0.025 75.24
100 0.022 78.21
25 0.083 17.82
4 [Zn(PCIINAP)(Meth)-2H20] 50 0.025 7524
75 0.023 77.22
100 0.021 79.20
25 0.082 18.81
5 [Zn(PCIINAP)(Phenylala)-2H0] | 50 0.024 76.23
75 0.020 80. 19
100 0.018 82.17
100
90
80 p—
70
c
2 60
(1]
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[Zn(PCIINAP)(Meth)-2H20] [Zn(PCIINAP)(Phen)-2H20]

Fig. 5: Effect of amount of Catalyst on Dye Degradation
The 25 mg amount of catalyst shown range 8.91 — 14.85 % degradation, 50 mg catalyst 62.37 — 68.31 %

dye degradation, 75 mg catalyst 64.35 — 73.26 % dye degradation and 100 mg catalyst 72.27 — 79.20 %
dye degradation respectively.

IJSAT25038469 Volume 16, Issue 3, July-September 2025 6



https://www.ijsat.org/

() International Journal on Science and Technology (IJSAT)

E-ISSN: 2229-7677 e Website: www.ijsat.org e Email: editor@ijsat.org

(—

\' :__;::“ > < ‘- ,_'-7 ;— P ‘Vk‘ '-:
Fig. 6: Before Irradiation with Ligh Fig. 7: After Irradiation with Light
[Zn(PCIINAP)(Phenylala)-2H20] [Ni(PCIINAP)(Phenylala)-2H20]

In representative [Zn(PCIINAP)(Phynylala)-2H>O] complex before irradiation with light dye sample was
higher coloured intensity as shown in Fig. 6, but after irradiation with light the degradation of dye molecule
is clearly seen in Fig. 7 by changing its decreasing colour intensity. This indicates degradation of dye by
supporting data obtained decreasing absorbance value of solution.

When a complex is exposed to light, it absorbs photons, which causes charge separation at the interface,
which enhances photocatalytic activity. The EBT dye molecule interact with light and produces excited
dye molecules as a result of this interaction. The excited dye molecules then combine with oxygen to
produce positive dye radicals and negative O; radicals. Further, the negative radical reacts with H" ions
set free from H>O to form superoxide radicals (OOH), which are responsible for the dye molecule’s
destruction®!*2. The adsorption of O, from HO is facilitated by photogenerated holes, which decrease
recombination with electrons, and the surface of OH groups. The photo-formed electrons then reduction
of Oz to Oz species, which can then mix with H>2O to produce additional oxygenated radicals, primarily
hydroxyl (OHe) radicals. The rate of dye molecule breakdown is substantially increased by both hydroxide
and superoxide radicals, and consequently, EBT dye decolorizes efficiently.

Reusability of Catalyst

To find out the sustainability of the present catalyst were checked by performing catalytic cycles. For this
study keeping concentration of dye 10 ppm solution , 50mg of catalyst and 90 min. time interval were
used has shown that the representative Zinc complex [Zn(PCIINAP)(Phenylala)-2H>0] effectiveness has
decreased with number of catalytic cycles.

No. of Catalytic Cycle | Absorbance (At) %D
1 0.024 76.24
2 0.028 72.27
3 0.031 69.30
4 0.031 69.30
5 0.031 69.30

Conclusion
The structure of amino acids, side chains plays an important role to affect the adsorption and interaction
of the photocatalyst surface and due to this degradation efficiency alter. In L-Methionine amino acid
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contains heteroatoms like Sulphur has introduced in different binding properties. Among all Zinc metal
complexes [Zn(PCIINAP).Phenylala.2H>O] shown higher percent of dye degradation. Because in the
structure of phenylalanine aromatic phenyl ring introduces a hydrophobic and m-electron region. This
aromaticity can lead to stronger interactions with both the photocatalyst and dye molecules, accelerated
deterioration. The presence of phenylalanine in a dipeptide structure has also been shown to affect
biodegradation rates. The specific impact of Zinc metal complexes of amino acids will also depend on the
photocatalyst material the dye used and the reaction conditions. Further research is needed for completely
understand the complex interplays between, amino acids side chains and photocatalytic dye degradation.
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