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A very simple, highly selective and non-extractive spectrophotometric determination for
the trace amounts of nicked (II) has been developed. Salicyladehyde
isonicotinoylhydrazone (SAINH) has been proposed as a new anaytical reagent for the
direct non- extractive spectrophotometric determination  of nickel (II). The reagent
reacts with nickel in an basic medium (pH 7.5, sodium acetate and acetic acid) to
form a yellow coloured 1:1(M : L) Complex. The reaction is instantaneous and the
maximum absorption was obtained at 385 nmand remains stable for 1h. The molar
absorptivity and sandell’s sensitivity were found to be 1.81x 10*L mol™? cm? and
0.32 pg cm? respectively. Linear calibration graphs were obtained for 1.0 -10.0 pg/ml of
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nickel (I1). The method is highly selective for nickel and successfully used for the
determination of nickel in several plant samples.

© Copy Right, Research Alert, 2016, Academic Journals. All rights reserved.

INTRODUCTION

Nickel is a silvery white, lustrous metal with a dight golden
tinge. It is hard and ductile. Pure nickel shows a significant
chemical activity, can be observed when it is powdered to
maximize the exposed surface area on which reactions can
occur, but larger pieces of the metal are dow to react with air
at ambient conditions due to the formation of a protective
oxide surface.

Naturally occurring nickel is composed of 5 stable isotopes
i, ©Ni, ®Ni, ®Ni and *Ni and®Ni is the most abundant
(68.08%), *Ni is the most stable nuclide of al the existing
elements [1]. The common oxidation states of nickel is +2,
but compounds of Ni, Ni* and Ni** are well known and Ni*
has been demonstrated [2].Because of the nickel slow rate of
oxidation at room temperature, it is considered as a corrosion
resistant. Because of this it has been occasionally used as
substitute for decorative silver. It is used for plating metals
such as iron and brass, for chemical apparatus and in certain
alloys that retain a high silvery polish such as German silver.
As a compound nickel used as catalyst for hydrogenation.
Enzymes of some microorganisms and plants contain nickel
as an active site which makes the metal an essential nutrient
for them. It is used in many specific and recognizable
industrial and consumer products including stainless steel,
alnicho magnets, coinage, rechargeable batteries, electric
guitar strings, microphone capsules and special and alloys.
Nickel is absorbed by inhalation and ingestion.

The immediate effects of nickel carbonyl exposure are
respiratory tract irritation and neurological effects, nausea,
vomiting, diarrhea and head ache. Delayed effects include
pulmonary oedema, pnuemonitus ad in severe cause’s death.

In natura water environment, nickel concentration is
generally small because of its occurrence in a colloidal form.
It is easly accumulated in the biological environment,
particularly in the phytoplankton or other aguatic plants which
are sensitive bio indicators of water pollution. Since nickel is
extensively used in the preparation of aloys and catalysts, its
determination may be considered as interesting research
activity. Various spectrophotometric  used for the
determination of nickel are summarized in Table 1. [3-13]

MATERIALS AND METHODS
Preparation of Sainh

Salicylaldehyde (1.05 ml, 0.01 mol) and isoniazid (0.69g,
0.01 mol dissolved in 3 ml of ethanol) were mixed in a clean
round bottom flask. Suitable quantity of (~10ml) of ethanol
was added to the reaction mixture and refluxed with stirring
for 2 hrs. A pale yellow coloured product was separated out
on cooling. It was collected by filtration, washed several
times with hot water. This compound was recrystallized from
methanol and dried in vacuuo. Yield 2.8 gm, melting point is
250 - 252°C.
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Table 1 Spectrophotometric methods for the determination of nickel (I1) with different

Reagents
Molar absor ptivity
)\max Beers
Name of the reagent (nm) pH law(ppm) ) M:L Ref
L mol*cm™
Molybdophosphoaric acid 490 4.3 0.0-5.0 0.13x10* 1.01 3
4-(5-utiro-2-thiozolylazu resorcinol) 540 6.5 4 1.0x10* 1:.01 4
Sodium isoamylxanthate 360 6.0-8.0 0.2-2.7 1.2x10* 1:.02 5
Ptha'a'dd"yde(gggcgem'carbazone 400 7590  Uptod5 0.81x10* 1:01 6
Qui ”O'ddmy‘i%i]ﬁ)semmbame 460 75 5.0-25.0 1.6x10° 1:.02 7
Sa'yc"a'dehydéi‘%m'carbaz"”e 370 6570 0550 0.98x10* 101 8
Acenapthaqui ”(Tﬁg‘%’m' cabazone 4o G384 Uptold? 0.28x10° 1:02 9
Diacetylmonoxime-4-phenyl-3-
thiosemi carbazone 375 5.2-100 - 1.7x10* - 10
(DAMOPT)
2-hydroxy-4-isopropoxy acetophenone
thiosemi carbazone 400 9 1644 0.08x10* 1.02 11
(HIAT)
2-(2-Furanylmethylene)
hydrazine carbothioamide 440 5.8 0.36-6.0 0.72x10* 1:.02 12
(FMHC)
1-phenyl-1,2-propanedione-2-
thiosemi carbazone 395 3.0-6.0 18-37 1.2x10* 1.02 13
(PPDOT)
Salicyladehyde isonicotinoylhydrazone g " . Present
(SAINH) 378 1.0-10.0 75 1.81x10 1.01 method

Preparation of SAINH solution

It was prepared by taking 0.060 gm of SAINH reagent
substance in a 25-ml standard flask. The regent substance was
dissolved in 10 ml of DMF and diluted up to the mark with
the same solvent.

Preparation of Nickel (Ii) lon Solution

Stock solution (1 x 107°M) of Ni(ll) was prepared by
dissolving requisite quantity (0.25 g) of nickel sulphate
(NiSO4.7H,0) in doubly distilled water containing a few
drops of conc.H,SO, and made upto 100-ml volumetric
flask.The stock solution was standardized gravimetrically[14].

Recommended Procedure

An aiquot of the solution containing nickel in optimum
concentration range, 10 ml of buffer solution (pH 7.5)
and 1 m of 0.01M reagent solution were combined in
25 - ml volumetric standard flask and resulting solution
was diluted to the mark with distiled water. The
absorbance of the solution was measured at 385 nm
against reagent (SAINH) blankThe measured absorbance
was used to compute the amount of nickel from
predetermined calibration plot.

Preparation of Plant Samples

Freshly collected samples were cleaned and dried for one hour
in the open air protecting from mineral contamination. The
drug samples were finally powdered in a mortar. The
powdered material was brought into solution by wet ashing
method.
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I nstrumentation
Perkin — Elmer (Lamda 25), UV - Visible spectrophotometer

equipped with 1.0 cm (path lenth) quartz cell and Elico
model LI- 610 pH meter were used in the present study

RESULTS AND DISCUSSIONS

The  reagent (SAINH) are  easily obtained by
condensation reaction and is shown in Fig 1.
"
L v 3
+ H:N—NH—C N
OH N
ethanol
(-) H;O

t e
N
(l::N/ \(l:f. & /
g 6
OH

SAINH
Figure 1 Condensation reaction of SAINH

It has been characterized using IR, NMR and Mass spectra
data. Theinfrared spectrum of SAINH showed bands (cm™
) a 3271(m), 3120(m), 3051(m), 1649(s), 1619(s), 1535
(m), 1473(s), 1290(s), 768(s), 711(s) and 682(m), are
respectively assigned to v (NH) secondary stretching, v (C-
H) stretching, (isoniazid), v (C-H) aromatic stretching
(salicylaldehyde), v ( C=0) isonicotinoyl Stretching, v (N-H)
plane bending, v (C- C) aromatic ring stretching, v (C-H)
asssymetric bending, v (C-N) streching vibrations, v (C-H)
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aromatic oop bend (salicylaldehyde), and v (N-N) strech and v

(C-H) Aromatic oop bending respectively. This spectrum is

giveninFig 2.
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Figure2 Infrared Spectrum of SAINH in KBr disc

"H - NMR spectra ( DMSO —-d°) showed signals (3 ppm)
a 6.65 7.786-7.801 and 833 due to - CHz - OH
(aliphatic), phenolic and - NH, protons of SAINH
respectively. NMR spectrumisgiveninFig 3.
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Figure 3 *H-NMR Spectrum of SAINH in DM SO — ds medium

Massspectra shows molecular ion signal at m/iz  241.
Other peaks are observed at m/z values of 240 and 163
respectively due to the loss of -H and -CsHuN radicals.
Based on above spectral data the structure of the reagent is
giveninFig 4.
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Figure 4 Mass Spectrum of SAINH in DM SO - ds medium

Absorption spectra of 2x10° solution of SAINH at
different pH values were recorded and pKa vaues were
determined  spectrophotometrically using Phillip and
Merrit method [15]. The bathochromic shift from 295 -
365 nm indicates that in solution on increasing pH the
>C=0 group of the reagent (SAINH) is enolised and
dissociated. The values of SAINH are 4.2(pK,) and 9.0
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(PK3 respectively. The pK1 and pK2 vaues are
presumably due to keto — enol tautomerism and deprotonation
of - NH group respectively.

A 0.01M solution of reagent is stable for 1h. The colour
reactions of reagent with nickel (I1) are instantaneous at
room temperature. The order of addition of nickel ion,
reagent and buffer has no effect on the absorbance of
the complex. Various physico — chemical and analytical
characteristics of nickel complex are summarized in Table
1.Stoichiometry of the complex (M : L =1:1) was
determined by Job’s continuous variation method and
molar ratio method. Sodium acetate (1M) —acetic acid
(0.2M) buffer (pH 7.5) is used in these studies. The
dissociation constant (a) and concentration (c) of the
reagent at intersecting point were used in the calculation
of stability constant of the complex. Stability constant of
the complex 1: 1 (M : L) complex is given by 1-a/a’c.
The predicted structure of Ni (11)- SAINH isgivenin Fig 5.

OH SO
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Figure5 Predicted structure of Ni — SAINH complex

Tolerance Limits of Foreign lons

The effect of foreign ions which often accompany nickel
has been studied by adding different amounts of foreign
ions to fixed amount of nickel (1) of 2% in the
absorbance of the reaction mixture was considered
tolerable. The resultsaregivenin Table2. Larger amounts
of Cd(ll) and Co(ll) do not interfere in the presence of
masking agents. Interference of Cd( Il) and Co(ll) are
masked with thiocyanate.

Table 2 Tolerance limit of foreign ionsin the
determination of 4.69 pg/ml of Nickel

Tolerance limit

Tolerance limit

lon added lon added

pg/mi pg/mi
Citrate 544.2 u(vI) 95.2
lodide 504.2 W(VI) 59
Phosphate 392 Cd(In) 27a
Oxalate 352 Mn(l1) 22
Tartrate 296 Cr(VI) 125
Nitrate 248 Pb(1l) 82
Sulphate 192 Co(ll) 2.4a
Bromide 160 Ag(l) 41
Chloride 142 Ti(ll) 24
Carbonate 120 Pt(1v) 20
Acetate 9 Pd(11) 0.90
Fluoride 78 Zn(1l) 0.23
Thiourea 31

a Masked with 200ug/ml of thiocyanate

Applications

The present method was successfully applied for the
determination of nickel in various plant samples and the

results were presented in Table 3.
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Table 3 Amount of nickel (%) present in various plant 2
samples 3
Amount of Nickel* 4:
Sample in pg/ml Error
Taken  Found
Eucaypiusleaves  1.063 1060  0.28% 5.
Pisium Sativum 2.051 2.062 0.53%
Mangiferaindicaleaves 2.226 2.206 0.86% 6.
Azadirachtaindica 1527 1520 0.45%
leaves
* Average of three determinations 7.
CONCLUSION 8.
The synthesized reagent salicylaldehyde isonicotinoyl 9.
hydrazone (SAINH) is characterized by analytical and
spectral  studies. The reagent forms a yellow coloured 10.
complex with nickel (I1). The Ni (I1)-SAINH Complex
structure is predicted and various physico-chemical and 11.
analytical characteristics are determined. This reagent SAINH
is successfully used for the determination of nickel (I1) in 12.
various plant samples.
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