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ABSTRACT

A simple, sensitive and accurate spectrophotometgthod has been developed for the determinationcké! (11).
The reagent 2-Amino acetophenone isonicotinoyldgaiie (2-AAINH) react with nickel (1) in aqueowdugion in
the pH range 3.0-11.0 and to form light yellow aokd complex. The complex sholysat 470 nm with a molar
absorptivity 1.05 x 10L moI'cmi'and Sandell's sensitivity 0.56 xi@g cm?® Beer's law is obeyed in the
concentration range 0.29-6.16y mL" of Ni (I1). A method for the determination of nitk#) by second order
derivative spectrophotometry has also been propobkedrference of various diverse ions has beedistl The
present method is applied for the determinationiokel in drinking water, aluminium based alloy#ipg steels and
vegetable (groundnut) oil samples.

Keywords: UV-visible spectrophotometer, Buffer solutions, Zafio acetophenone isonicotinoyl hydrazone,
derivative spectrophotometry, Nickel (I1).

INTRODUCTION

Nickel is a very important metal for both industizand biologically. It is one among the essentiate elements
along with cobalt, copper, zinc and manganeseéarhtiman diet [1]. Bertrand and Nakamura [2] obs®imetheir
experiments on synthetic nutrition that nickel othalt play a direct role in nutritional phenomenblickel bound
to ribonucleic acid, has special affinity for bcared skin and plays an important role in pigmentaf8]. It has been
reported that normal human plasma contains 0.00250:g mL™ of nickel (Il). Nickel is one of the important
alloying element for steel and cast iron. A nickedtallo enzyme is an essential micronutrient [4eB]plants arose
from ureases. Literature survey indicated that isdvepectrophotometric methods [7-17] were repoftadthe
determination of nickel (Il) by using various chrogenic reagents. Hydrazones are important clasmalfytical
photometric reagents, the potentialities of whigrewreviewed by Singh et al [18].

The present study describe, a simple, rapid, $edecand sensitive direct and second order derigativ
spectrophotometric methods for the determinatiortrate amount of nickel (II) by compleing with 2-Am
acetophenone isonicotinoyl hydrazone (2-AAINH).

MATERIALS AND METHODS

Instrument:

The absorbance and pH measurements were made arkm-Blmer UV-visible (Lambda 25) double beam
spectrophotometer fitted with 1cm quartz cells &bido digital pH meter (model LI-120) respectivelijhe pH
meter has a temperature compensate arrangementefioglucibility of measurements is within + 0.(H.p
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Reagents and chemicals:

The reagent, 2-amino acetophenone isonicotinoytdaahe (2-AAINH) was synthesized by condensing mglar
solutions of 2-amino acetophenone and isonicotihggrazide in alkaline absolute ethanol as desdrédaelier [19].

1 x 10° M solution of 2-AAINH was prepared by dissolving285g of the crystallized compound in
dimethylformamide and diluting to 100mL. Lower centrations were prepared by diluting the stock timbu
appropriately with the solvent.

Stock solution of nickel (1 x 1) was prepared by dissolving 0.2808g of NiStBLO (AR, Merck) in doubly
distilled water. The solution was made up to thekm@a 100 ml volumetric flask and standardized gmaatrically
using dimethyl glyoxime complexometrically [20]. Wwer concentrations were prepared by diluting theclkst
solution appropriately with distilled water.

The buffer solutions were prepared by mixing appedp volumes of 0.2M sodium acetate and 0.2M acatid
(pH 3.0 to 7.0) and 2.0 M ammonium- hydroxide aBd M ammonium chloride (pH 8.0 to 10.0 ). The @f
these buffer solutions was finally adjusted torénguired value by using pH meter.

RESULTS AND DISCUSSION

Determination of Nickel (ll):

In different sets of 10 ml volumetric flasks, eadmntaining 4 ml of buffer solution (pH 9.0) and @b of 2-AAINH
(1x10°M), varying volumes of Ix18 M or 1x10° M nickel (I1) solution were added and made uphe mark with
doubly distilled water. The absorbance was measatret70 nm against the reagent blank, and theratilim plot
was constructed.

The second derivative spectra of [Ni(ll)-2-AAINHblored complex for different concentrations of M) fvere
recorded in the wave length region 350-600 nm. ddmévative amplitudes at 485 nm (Peak) and at 445valley)
were found to be proportional to the concentratibiNi (II) solution. The derivative amplitudes wemgeasured at
485 nm and 445 nm for different concentrations ofIN and plotted against the amount of nicke)).(IThe plots
were linear in the range 0.1-3.0 pg ™at 445nm and 0.1-3.25 pg fhiof Ni (I1) at 485nm. By substituting the
corresponding experimental data in the above eguatihe calibration equations were calculated ggA0.136c¢ -
0.042 for zero order data and 288% 0.461c - 0.032 and. = 0.72c - 0.011 for second derivative data, which
give the good straight lines.

Nickel (Il) forms light yellow coloured complex wit2-amino acetophenone isonicotinoyl hydrazone AZNK).

The absorption spectra of 2-AAINH and its Nickd) omplex were recorded in the wavelength rang@ &30 nm
at pH 9.0 against the buffer solution and reagdatkbrespectively is as shown in Fig.1.The speshaw that
Nickel (II) complex possesses maximum absorbanct’@tnm where the reagent is showing relativelyy vew
absorbance. Therefore, further analytical studieevearried out at 470 nm using the reagent blank.
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Fig. 1: Absorption spectra of a) [Ni (Il) — 2- AAINH] Vs reagent blank b) 2- AAINH Vs Buffer blank
[Ni(I)] = 5 x 10°M; [2- AAINH] = 2.5 x 10* M; pH = 9.0
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The effect of pH on the colour formation was stddte arrive at the optimum pH. The plot obtainedwesen
absorbance data versus pH reveals that the reauiiinore shows constant colour intensity in the qaidge 8.0 to

9.5. Hence, the studies were carried out at pH 9.0.

The optimum concentration of the reagent requicedife maximum colour formation was studied by meag the
absorbance at 470 nm. The results indicate th&-fal@ excess of the reagent is necessary to dpvakximum

colouration with a given amount of nickel.

The composition of the complex was determined usioly's method and confirmed by molar ratio methblae
results indicate a 1:1 stoichiometry between théahien and the reagent under the experimental itond. The
stability constant of the complex calculated frash’d method was found to be 5.747%10

A linear plot was obtained when the absorbance pl@$ed against the amount of nickel indicating adidity of
Beer’s law in the range 0.29 - 6@mL™* of Ni(ll). The molar absorptivity of the light ylelw coloured solution
under the given experimental conditions was catedlaas 1.05 x TOL mol'cm® at 470 nm. The Sandell's
sensitivity of the present method was found to M6 10%ug cm®. The regression analysis of the linear curve
gave the angular coefficient (m) and correlatioafficient (r) as 0.136 and 0.998 respectively.

Effect of foreign ions:
The effect of various anions and cations on therd@hation of Ni(ll) under optimal conditions wasudied and

presented in Table.1. From the results, we carcadtiat many anions and cations do not interferthénpresent
method even when presence in more than 100 foldesex Au (Il1), V (V), Mo (VI), Mn (ll) and Pd (Il)are
tolerable in 80,80, 45, 30 and 20 fold excess mspdy. Co (II) and Cu (ll) interfere seriously.

Table- 1: Tolerance limits of foreign ions
Amount of Ni (Il) = 1.173ug mL*

Foreign ion | Tolerance limit (ug mL™) | Foreignion | Tolerance limit (ug mL™)
Ascorbic acid 1660 Na(l) 450
Tartrate 1500 Cd (Il 740
Bromate 1080 Th(lV) 350
Thiosulphate 1020 Ti(IV) 320
Sulphate 950 Li(l) 270
Citrate 890 Mg(ll) 220
Oxalate 840 Pb(11) 200
Thiourea 700 Al(ln 155
Urea 680 Zn(ll) 120
lodide 640 Fe(ll) 110
Nitrate 590 Ru(lll) 110
Acetate 575 Au(lll) 80
Formate 450 V(V) 80
Chloride 385 Mo(VI) 45
Fluoride 250 Mn(ll) 30
Cd (1) 740 Pd(ll) 20
Te(IV) 600 Cu(ll) 5
W(VI) 550 Co(ll) 5

Derivative method:
A sensitive second order derivative spectrophotdmatethod was developed for the determinationioked (11).

Second order derivative spectra of different sohai containing variable amounts of Ni(ll) and aefix
concentration of 2-AAINH, buffer solution (pH 9.@Yere recorded in the wavelength region 350-600nih an
presented in Fig. ZLhe derivative amplitudes were measured at 485midBdm and plotted against the amount of
Ni(ll). Linear plots were obtained in the concetioa range 0.1-3,0g mL™" at 445nm and 0.1-3.2hg mLat
485nm. In the second order derivative method, dhlerdnce limits of both Cu(ll) and Co(ll) were irased from 5

folds (direct method) to 80 and 65 folds respedtyive
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Fig. 2: Second derivative spectra of [Ni (Il) — 2AAINH] Vs reagent blank
Ni (I1) (ug mL %) = (a) 0.2342; (b) 0.4694; (c) 0.7041; (d) 0.9888

Application to real samples:
The proposed zero order method was employed ford#termination of nickel (II) in drinking water arid
aluminium based alloys.

The water samples were collected from different@daof Anantapuramu district (Andhra Pradesh, Indihe

water samples (1litre) were collected in cleartr2 lbeakers and slowly evaporated to about 25mledah sample,
5mL of H,0O, was added and evaporated to dryness [21}as then dissolved in 20mL of water and filttrt®

remove insoluble substance. The filtrate was ctdén 100mL volumetric flask quantitatively andutied up to
the mark with distilled water.

About 0.4g alloy samples was treated with 15ml df HICI. To this 3mL of HN@ was added and the contents
boiled until dissolution was complete. Then, 10 aflwater and 40 mL of 4N ammonium hydroxide solatigere
added and filtered through a Whatman filter pap&y.41). The filtrate was collected into 25 mL voletmic flask
and made up to the marks with distilled water.

A known aliquot of the sample solutions were takea 10mL flask containing 4ml of buffer solutiopH 9.0), and
1mL of the AAINH solution (1x18 M). The contents were made up to the mark withilltid water and its
absorbance was measured at 470 nm against thentdalgak. The amount of nickel (II) present in tseemple
solution was determined from the predeterminedbeation plot. The results are presented in Tabbnd 3
respectively for water and in aluminium based allegmples. The drinking samples were also analygeatomic
absorption spectrophotometric method and compaittdtiose obtained by the present method.

Table.2: Determination of nickel in drinking water

Water Sample Amount of Ni(ll) pg mL? Recovery (%)
Added Found* Present method AAS methad
Present method AAS methad

1 - 1.5 1.48 - -
1.0 2.52 2.50 100.8 100.0
2.0 3.48 3.52 99.4 100.5

- 2.0 2.02 - -
2 1.0 2.97 3.05 99.0 101.6
2.0 4.05 4.00 101.2 100.0

* Average of Five determinations
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Table.3: Determination of nickel in aluminum basedalloys

o . Amount of nickel (%)
0, 0,
Sample Certified composition (%) Present Found* Recovery (%)
BAS-20 Cu 4.10; Ni 1.93; Fe 0.43; Mn 0.19; Si 0.2 1.61; Rest Al 1.93 1.92 99.5
BAS-85 | Cu 0.90; Ni 0.91; Fe 1.15; Mn 0.02; Si 2.0%y 0.18; Zn 0.01; Rest A 0.91 0.93 102.1

* Average of Five determinations

Second order derivative method:
The second derivative method was employed for #terchination of nickel present in alloy steels aegdetable
(groundnut) oil samples.

0.1g of steel sample was weighed accurately ancedléan 50mL beaker. 10 mL of 20% (v/v) sulfuric chevas
added and carefully covered with a watch glassl tiné brisk reaction subsided. The solution wastdwand
simmered after the addition of 5 mL of Con. HNantil all carbides were decomposed. Then, 2mL temiuof
H,SO, (1:1) was added and the mixture was evaporateefutlyr until the dense white fumes of the oxides of
nitrogen dried off and then cooled at room tempeeatAfter appropriate dilution with water, the temts of the
beaker were warmed to dissolve the soluble salk& Jolution was then cooled and neutralized with,O
solution. The resulting solution was filtered thgbua Whatman (No-41) filter paper into a calibrafladk of known
volume. The residue (silica) was washed with a kumlme of hot 1% KSO, followed by water and the volume
was made up to the mark with distilled water.

Preparation of vegetable (ground nut) oil sample dotion

100g of hydrogenated groundnut oil (edible) wa®diiin a hot air oven at 18D and subsequently dissolved in
20ml mixture of 1 : 2 : 5 k80O, : HiPO, ; HNOs The contents were heated until sulphurous fumes eeolved and
the volume was reduced to about 5ml. A little qitgraf distilled water was added and filtered thghuan acid
washed Whatman 41 filter paper into a 100ml voluimdéask and made up to the mark with distillecteva

To known aliquots of the samples taken in 10ml padtric flasks, 5ml of buffer solution of (pH 9.@ml of
AAINH (1x10°M) were added and the contents were made up tavémk with distilled water. The second
derivative spectra were recorded and the amplitdidiee derivative curves at 470 nm was measured.amhount of
nickel present in the samples was calculated from derivative amplitude with the help of predeterei
calibration plot. The results are presented inldaB and 5.

Table.4: Determination of nickel in alloy steel samples

- . Amount of nickel (%) Relative
0
Sample Certified composition (%) Present Found* | Error (%)
. . . i oy 31.20 31.32 +0.38
Copper-nickel alloy Cu 67; Fe 0.83; Mn 0.08; Si9.Ri 31.20. 31.20 31.32 +0.38
) ! . g N 10.00 10.15 +1.50
Alloy NTPC Ball bearing materia] Fe 65; Cr 15; C&;AMn 2; Ni 10.00. 10.00 10.15 +1.50
BCS 364 Cu 80; Sn9.35; Pb9.25; Ni0.28; Sb0.18 0 A65; P 0.056; Zn 0.13; Al 0.002. 0.280 0.284 781.

Table.5: Analysis of vegetable oils

Amount of nickel found (ug ml?) . 0
Sample AAS method | Present method* Relative error (%)
Hydrogenated 0.56 0.54 -3.57%
ground nut oil 0.0.56 0.575 +0.87

The analytical characteristics of the zero ordet second order derivative methods in the presemtsiigations for
Nickel (II) show that the derivative method is meensitive than the zero order method.

Comparison of results

The analytical characteristics of the zero ordet second order derivative methods in the presemtsiigations for
Ni (II) were compared and presented in Table.6. fEseilts indicated that the derivative methodsnawee sensitive
than the zero order method

285
Scholar Research Library




M. Sathyanarayana Racet al Der Pharmacia Lettre, 2015, 7 (7):281-286

Table.6: Comparison of results of Nickel (II)

Parameter Zero order Second derivativel
Analytical wave length (nm) 470 445 485
Beer’s law rangepg mL?) 0.29-6.16 0.1-3.0 0.1-3.25
Molar absorptivity(L mofcm®) | 1.05x1d - -
Sandell's sensitivityl(g cm?) 0.0056 -
Stability constant 5.747x10 - -
Angular coefficient (m) 0.136 0.72 0.461
Y-intercept (b) 0.042 0.0110 0.032
Correlation coefficient (r) 0.998 0.9999 0.9999
Standard deviation +0.0081 +0.006b +0.0062
Detection limitig mL?) 0.067 0.023 0.023
Determination limit ig mL?) 0.205 0.080 0.080
CONCLUSION

The present method is simple, less expensive amd semsitive. The present method is applied suftdsir the
determination of nickel in alloy steels, aluminuasbd alloys, vegetable oil and water.
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