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This study describes flow-injection spectrophotometric methods for the determination of Ni
(I1) Nickel in analytical sample by a new reagent MTDTCH.
An accurate and sensitive flow injection (FI) Spectrophotometric methods have been developed for the
determination of ion Nickel (Il) in aqueous solution by preparing the new organic -Schiff base- reagent
was prepared by reaction 3-methylthiophene-2-carbaldehyde with hydrazinecarbothiohydrazide. This
reagent was worked as a ligand by reacting with the Nickel (II) ion to form a Nickel complex and

MTMTCH determination trace amounts of it. The absorbance of the reaction was measured in the injection system
which gave the wavelength of 357nm. With a limit of detection of 0.050 ug.mL™ and a limit of
quantitation of 0. 169 pug.mL™* Relative standard deviation 0.495 and Recovery is 99.50, the metal
concentration obeys Beer's law within the range0.5-9.mL* with a correlation coefficient value of
0.9997 . The complex composition was specific to the UV-visible spectra. the molar ratio of the metal

to the reagent was (1:2).

1. INTRODUCTION
MTMTCH(N"-[(3-methylthiophen-2-yl) methyl-
idene] thiocarbonohydrazide) is a Schiff bases are
compounds containing an azomethine group, (-CH=N),
can be formed by a condensation reaction of carbonyl
compounds, (Aldehyde or ketone) with a primary amine
in which the carbonyl group is replaced by a group (C =
N-R)[1] ,[2] To measure Ni(ll) and other materials Such
as: alloys [3], water [4] and soil [5] techniques have
been devised [6]. They consist of the following: indirect
flameless atomic absorption spectrophotometry [7].
Flow injection technique [8] Schiff's base creation,
spectrophotometric [9]and colorimetric [10]In the field
of pharmacological analysis, the flow injection
technique has gained popularity [11]. Such
methyldopa[11]. The present study describes new FIA-
spectrophotometric methods [12]. To determination of
Ni(ll) via reaction with (MTMTCH) forming yellow
colored product that has absorption at Amax at 357 nm
[2]. Definitions state that the flow-injection technique is
a flow-through technology that applies particular
thermodynamic conditions to the model region in a
current stream. According to (Ruzicka and Hansen), the
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technique entails injecting a liquid into a suitable liquid
stream that is continuously separated as the injected
sample moves toward a detector that continuously
records absorptivity or any other physical variable that
results from the sample material passing through the
transient flow cell. The injected sample forms the
moving region of the model.

2. APPARATUS

Shimadzu 120 UV-VIS spectrophotometer
equipped with a Cecil 10 uL flow cell was used. A
Shimadzu 1650 PC UV-VIS double beam
spectrophotometer was used for Amax determination.
The carrier fluid was transported using a peristaltic
pump (Gilsason minipuls (2)) fitted with flexible
polyvinyl chloride tubes with an internal diameter of 0.8
mm.Using a tow-channel manifold (Figure 1), the FIA-
spectrophotometer was used to determine Ni(ll). using
FIA spectrophotometer. The Rheodyne -USA injection
valve was utilized to administer standard solutions and
samples at the proper injection volumes. The
(MTMTCH) solution was transported via the Manifold's
Channel A. While the alkaline oxalate solution stream
was being transported via injection of ion Ni (Il) via
channel B, buffer solution (pH=6), which acted as an
oxidizing agent, The reaction coil R.C as used to
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combine the product with a stream of buffer solution.
The final product was mixed with the stream of alkaline
oxalate at point (y), following the the mixing of coil RC.

NiCl2.2H,0

Buffer solution infection

Reagent

Figure 1. Manifold Used to Measure Ni (I1) Using FIA
Spectrophotometric Analysis

3. EXPERMINTAL
3.1 Materials

The B.D.H., Fluka, and Merck firms provided
all of the high-purity solvents and chemical reagents
utilized in this investigation; no further purification
procedures were required.

3.1.1 Synthesis of the Ligand

Firstly, 1.06 g of thiocarbohydrazide
(0.02mmoles) was dissolved in 58 mL of 95% EtOH
and 20 mL of H20. Next, 1.26g of 3-methylthiophene-
2-carbaldehyde (0.01mmoles) was added, and last, three
drops of 6N HCI were added. After three hours of
stirring at 80 °C, the reaction mixture was allowed to
crystallize at room temperature for twenty-four hours
After filtering and a 1:1 EtOH/H20 wash, the solid was
produced. and recrystallized from EtOH 95% to give
N"-[(3-methylthiophen-2-yl)methylidene] thiocarbono-
hydrazide in the form of a slightly ochre solid in
72.52% yield (0.7 1 g) [13] Scheme 1, and measure the
degree of its fusion is.(233-235) °C, and Table 1 shows
the chemical composition of ligand and some physical
properties.
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Scheme 1: Describes the steps for preparing the ligand
(MTMTCH)

TABLE 1. The Physical Properties and Molecular Formulas
of The Prepared Ligands

Color Proportion M.P MWg/ MF Name
of product _ (C%) mol

Yellow 72.52% 233- 214.12 C:S, N"[(3m
235 N4H10 ethylthl
ophen2
yl)meth
ylidene]
thiocarb
oenohy
drazid

3.1.2 Preparation of Buffer Solutions and Ni (II)
Nickel

The buffer solutions were prepared by
dissolving 0.778 g of ammonium acetate at a
concentration of 0.01M in 1000 mL of distilled water in
a one-liter capacity tank.

This solution was used to create a number of
solutions with a variety of acidic functions, ranging
from (pH =3-10). by incorporating concentrated acetic
acid or ammonia solution into the ammonium acetate
that has been made[14]. and the Nickel (II) di Nickel
compound (0.00134 g) was dissolved in distilled water
to create the solution, and the volume was then
increased to 100 mL using the same solvent. By
gradually diluting this standard solution with distilled
water, other standard solutions were created.

4. PRODUCT DESCRIPTION

UV-VIS was used to characterize the synthesized
reagent and complex products that were recovered from
the process, and FT-IR and ;HNMR spectra were
obtained for the novel reagent.

5.METHODS
5.1 Procedure for the FIA Method

A 100.00ul sample is injected into a stream of
1x10“* M MTMTCH reagent solution at a rate of 0.60
ml/min. The stream is allowed to combine with another
stream of (pH=6) solution in a 50 cm reaction coil.
Next, a valve was injected with salt (NiCl..2H;0).
Mixture is passed while sustaining the reaction, and
absorbance is gauged at 375.nm [15].

6. RESULTS AND DISCUSSION
6.1. Study of Ultra Violet - Visble Spectra

A spectroscopic of the Nickel complex was
carried out in the 190-1100nm range and in the
ultraviolet-visible portion of the spectrum. At a
concentration of 1x10°M, the electronic absorption
spectra of the novel reagent and complex were
examined in an absolute ethanol solution. Within the
reagent spectrum, the electronic spectrum of the reagent
showed three bands at (A=280) nm, (A=354) nm and
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(A=213) nm. In complex spectrum, the Ni(ll) complex,
showed three absorption bands at (A=375) nm, (A=276)
nm, (A=290) nm, (A=250) nm, as show in Figure 2, 3.
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Figure 2. Absorption Spectrum of Ligand (MTMTCH)
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Figure 3. Absorption Spectrum of Nickel Complex (I1) with
Ligand MTMTCH

6.2. Study FT-IR Spectra for Reagent

The FT-IR spectrum of the prepared new reagent
shows a peak belonging to (NH) at 3271 cm?, a peak at
1593 cm* belonging to (C=N), and the (C=C) peak at
1647 cm™. (NHj)at 3151,and( C=s)1200-1100 cm?, a
peak at700 cm belonging to (C-S), as show in Figure 4.
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Figure 4. FT-IR Spectrum of Reagent

6.3. Proton NMR Spectrum for Reagent

From the signals appearing in the spectrum H-
NMR, the singlet signal at (6=6.97 ppm,2H) refers to
the proton of the NH» group, , the singlet signal at
(6=8.47 ppm,1H) refers to the proton of the (CH=N)
group, the singlet signal at (6=11.27 ppm,1H) refers to
the proton of the NH group, , the signal at (2.32
ppm,3H) refers to the proton of the CHjs, the signal at
3.39 ppm indicates the presence of moisture H,O and
the signal at 2.5 ppm indicates the solvent DMSO, as
show in Figure 5.
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Figure 5. 'H-NMR Spectrum for Reagent.

6.4. Study of the Variables of the Flow Injection
System for the Determination of the Nickel (II)
Ion.

The following system conditions have been
investigated in relation to the effect of changing the
reaction coil length range (25-125)cm: and the system
conditions are: NiCl,.2H,O concentration is 1 x 105 M
and the concentration of MTMTCH reagent is 1 x 10°
4M, Figure 6 show the results obtained.. The regulator
buffer solution is 6, the cell size is 10 pL loaded in the
standard model loading link, the first and second carrier
currents flow at 2.1 ml min-1, and the impact of
changing total flow-rate within the range of (0.4-2.8)
ml/min was investigated. concentration of NiCl..2H20
(1 x 10°) M, while the reagent has a concentration of( 1
x 10 M. buffer solution has an (pH=6) and a cell size
of 10 pL. model link, the maximum wavelength for Ni
is 375 nm, and the flow velocities of the first and second
load currents are 2.1 ml.min-1. Figure 7 shows the
results obtained. A loop has been used in a pump with
steel metal of various lengths and sizes (50 ml to 250
ml), as demonstrated by the results in Figure 8. The loop
passes the current carrier detector and the buffer
solution, which has a pH equivalent of (6) at a fixed
concentration of 1 * 10, and absorbs readings for each
length using a 10 ML spectrometer [16]
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Figure 6. Effect of Reaction Coil Length.
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Figure 7. Effect of Total Flow-Rate.
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Figure 8. Effect of Loop Volume Injected.

By creating a calibration curve, the concentrations
of the nickel complex that follow the Beer-Lambert law
were found. Due to their departure from the Beer-
Lambert law and the emergence of absorption peaks
outside the measurement limits, many concentrations
were eliminated. Consequently, (0.5-9) pg/mL are the
concentrations that follow the Beer-Lambert law. Figure
(9) shows the calibration curve for cobalt complex.

y =0.059x+ 0.0212
R?=0.9997

Cppm

Figure 9. Calibration Curve for Ni (I1) Complex
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7. CONCLUSION

A spectrophotometer detector was employed in
tandem with an accurate and sensitive F1A system
during its design, construction, and operation. Flow-
injection spectrophotometric methods were created for
the determination of ion Ni(ll) in a new simple reagent.
This proposed approach can be carried out without the
requirement for additional stages such as solvent
extraction or pH control and other conditions.

8. REFERENCES

1. V. Bhatt, Essentials of coordination chemistry: A
simplified approach with 3D visuals. Academic Press,
2015.

2. M. D. Azeez, S. H. Guzar, and A. H. Mekky, "Synthesis,
Characterization and Spectrophotometric Studies of New
Hydrazone Derived from Ethyl benzoate," 2009.

3. W. Al-Gethami, D. Alhashmialameer, N. Al-Qasmi, S. H.
Ismail, and A. H. Sadek, "Design of a novel nanosensors
based on green synthesized CoFe204/Ca-alginate
nanocomposite-coated QCM for rapid detection of Pb (1)
ions," Nanomaterials, vol. 12, no. 20, p. 3620, 2022.

4. M. Blanco-Meneses, “"Molecular identification of
microorganisms in agricultural, ornamental and forest
crops in Costa Rica, 2009-2018. Part 1," Agronomia
Mesoamericana, vol. 33, no. 2, 2022.

5. S.Rafi, D. V. Rao, and T. S. Reddy, "Spectrophotometric
Determination of Gold (lIl) using Tolterodine Tartrate
(TLD)(R)-N, N-Diisopropyl-3-(2-Hydroxy-5-
Ethylphenyl)-3-Phenylpropanamine L-Hydrogen Tartrate
Reagent,” International Research Journal of Pure and
Applied Chemistry, vol. 3, no. 4, pp. 276-285, 2013.

6. E. Raafid, M. A. Al-Da’amy, and S. H. Kadhim,
"Determination and Identification of Nickel (lI)
Spectroscopy in  Alloy Samples Using Chromogenic



10.

11.

First year 2024 ,Volume 1, Issue 3 PSIJK 11-16

Reagent (HPEDN)," in IOP Conference Series: Materials
Science and Engineering, 2020, vol. 871, no. 1. IOP
Publishing, p. 012025.

B. Saritha and T. S. Reddy, "Direct spectrophotometric
determination of Ni (II) using 5-bromo-2-hydroxyl-3-
metoxybenzaldehide-4-hydroxy benzoic hydrazine, I0SR
J," App. Chem, vol. 7, no. 3, pp. 22-26, 2014.

D. Beauchemin, "Flow injection,” Sample Introduction
Systems in ICPMS and ICPOES, pp. 143-211, 2020.

L. A. Mohammed, N. I. Mahdi, and R. A. B. Aldujaili,
"Preparation, characterization and the biological activity
study of a new heterocyclic (Azo-Schiff base) ligand and
their complexation with {Co, Ni, Cu, Zn (1)} ions,"
Egyptian Journal of Chemistry, vol. 63, no. 1, pp. 289-300,
2020.

V. Wamorkar, S. Manjunath, and M. M. Varma,
"Development and validation of UV spectroscopic method
for determination of metoclopramide hydrochloride in bulk
and tablet formulation,” Int J Pharm Pharm Sci, vol. 3, no.
3, pp. 171-4, 2011.

H. A. Al-Azzawi, F. M. Al-Obadi, and N. Theia’a,
""Spectrophotometric assay of metoclopramide

12.

13.

14.

15.

16.

hydrochloride in bulk and in dosage form," Iragi National
Journal Of Chemistry, vol. 15, no. 1, 2015.

S. D. Kolev and I. D. McKelvie, "Advances in flow
injection analysis and related techniques," 2008.

[13] A. J. KADHIM, D. S. R. RASOOL, and R. A.
GHAFIL, "Formation, ldentification, Microbial Studying
of Series Compounds from Chalcone,” International
Journal of Pharmaceutical Research, vol. 12, no. 1, 2020.
A. A. Green, "The preparation of acetate and phosphate
buffer solutions of known pH and ionic strength," Journal
of the American Chemical Society, vol. 55, no. 6, pp. 2331-
2336, 1933.

M. R. Siddiqui, Z. A. AlOthman, and N. Rahman,
"Analytical techniques in pharmaceutical analysis: A
review," Arabian Journal of chemistry, vol. 10, pp. S1409-
S1421, 2017.

M. Trojanowicz and M. Pyszynska, “Flow-injection
methods in  water analysis—recent developments,”
Molecules, vol. 27, no. 4, p. 1410, 2022.

Arabic Abstract

A ALk Akl Ll A3k oall MTMTCH S a5 ALl Ave 8 Sl JSall ol 0 jad) ciall agall 3kl aud_all 138 Coa i
o alel S0 dliae 3 Jelil o il s IS jumad DA Ge il olae 8 ISl s JSail) il s skt 5 )l el (s dlis
Jelill (alimia) (S 5 4ia AL s 3pan 5 (Sl hra (€0 Sl 0l gn Alelis JSA (e 2640 by GBS 13n IS 251 555018 05yl
S5 eads ) mdaal g s S, )T S (IS an g Vode alya 5 Sar, 100 oo (il an g asil 00 pase Jsh el sl sl WU
Al Sy Apmndil) (58 A pal) GLBYL Lali sieall (oS 55 oIS+ 499V &l Bl Jabas 3ad e Jado e .0 Laill (e Cpua¥ L (s ol

NS ™ NN ER P




