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ABSTRACT

Bis [3-hydroxyimino-5-methyl-N-methyl]-2-imine (HIMMI) is proposed as a new sensitive and
selective reagent for the spectrophotometric determination of nickel. The reagent reacts with nickel in the
pH range 9.0 to 9.4 to form a yellow colored 1 : 1 chelate, which is very well extracted in n-butanol.
Beer’s law is obeyed in the concentration range 0.01-40.00 ug mL™' nickel. The molar absorptivity and
Sandell’s sensitivity of the extracted species are 1.4297 x 10° Lit mol’ ecm™ and 4.10 x 10° ug cm?™,
respectively at 415 nm. The proposed method is highly sensitive, selective, simple, rapid, accurate, and
has been satisfactorily applied for the determination of nickel in the synthetic mixtures, vegetable oil and
alloys.
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INTRODUCTION

The significance of nickel as a transition metal lies in its wide spectrum of
applications covering many frontier areas of study, particularly in industrial and consumer
products. Even though nickel is not considered to be as toxic as most of the heavy metals, it
is an equally harmful element. Hence, owing to the significance of nickel, it’s determination
from associated elements by extractive spectrophotometry has been of considerable
importance.

A wide variety of reagent has been reported for the spectrophotometric
determination of nickel.
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However, these methods suffer from limitations such as critical pH'>, require-ment
of masking agent' or other agents*’, requirement of heating®, and interference from some
ions"’ etc. A method, far superior in sensitivity and selectivity to those reported in the
literature, is developed for the extractive spectrophotometric determination of nickel with bis
[3-hydroxyimino-5-methyl-N-methyl]-2-imine (HIMMI). A close literature survey indicates
that HIMMI has so far not been employed for either coordination or analytical studies. The
proposed method is free from limitations.

EXPERIMENTAL

The stock solution of nickel was prepared and standardized® and working solution of
lower concentration was obtained by suitable dilution. The absorbance measurements were
carried out on a Shimadzu UV visible 2401 spectrophotometer with 1 cm quartz cell and the
pH measurements were carried out using appropriate buffer solution with ELICO LI-120 pH
meter.

Recommended procedure

The extraction experiments were performed by shaking the appropriate organic and
aqueous solution at O/A phase ratio of 1. The reagent HIMMI formed a yellow coloured
complex with nickel (II), which was transferred in a separating funnel. It was extracted into
10 cm® n-butanol and then transferred to 10 mL volumetric flask by passing through some
amount of sodium sulphate in order to absorb trace amount of water. The amount of nickel
present in the organic phase was determined quantitatively by spectrophotometric method by
taking absorbance at 415nm and that in the aqueous phase, it was determined by known
method.

RESULTS AND DISCUSSION

Extraction as a function of pH

In order to obtain the optimum extraction condition for nickel, the extraction was
carried out at various pH (1.0-12.0) keeping the organic to aqueous volume ratio of 1 : 1.
The extraction was found to be quantitative in the pH range 9.0-9.4 and hence, pH 9.2 was
seleced for further studies (Fig. 1).

Absorption spectrum

The absorption spectrum of Ni (II) : HIMMI in n-butanol, shows an intense
absorption peak at 415 nm. The absorption due to the reagent in negligible at this
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wavelength and hence, the absorption measurements were taken at this wavelength using a
reagent blank.
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Fig. 1: The effect of pH on the extraction of nickel with HIMMI in n-butanol
Effect of solvent

The suitability of various solvents was investigated using organic solvents such as n-
butanol, chloroform, carbon tetrachloride, ethyl acetate, benzene, xylene, toluene, iso-amyl
alcohol, ether, pet ether etc. The extraction of nickel with HIMMI was found to be
quantitative, when both were dissolved in aqueous solution containing n-butanol as a solvent.
Therefore, n-butanol was used as a solvent as it gave better and quick phase separation.

Effect of salting out agents

The presence of salts of alkali and alkaline earth metals do not show any
improvement in the percentage extraction of nickel between n-butanol and aqueous phase.
Hence, these salts have not been added in the aqueous phase before extraction for
subsequent studies.

Effect of reagent
The effect of variation in concentration of HIMMI shows that 1 mL of 0.1%

ethanolic solution of HIMMI is sufficient for colour development and extraction of 20 pg/
cm’ of nickel solution (Fig. 2).
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Fig. 2: Effect of reagent concentration
Effect of equilibration time

The study of change in absorbance with variation in equilibration time for the
extraction of nickel shows that equilibration time of 2 minutes is sufficient for the
quantitative extraction of Ni (II).

Stability of the complex with time

The stability of the colour of the extracted species with time shows that the
absorbance of the extracted species is stable upto 5.0 hrs. Throughout the experiment, for the
reason of practical convenience, the absorbance measurements have been carried out within
one hour of the extraction of nickel.

Beer’s law and sensitivity

Calibration graph for nickel was constructed under optimum conditions. The graph
obeys Beer’s law in the range of 1 to 40 pg for nickel. The molar absorptivity and Sandell’s
sensitivity of the system were found to be 1.4297 x 10° Lit mol™ cm™ and 4.10 x 10°ug cm?,
respectively.

Composition of the extracted species
The composition of the extracted species was determined by using the Job’s

continuous variation method and verified by mole ratio method and slope ratio method.
These methods show that the composition of Ni : HIMMI complex is 1 : 1 (Fig. 3).
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Fig. 3: Logarithmic plot of the distribution of nickel vs. concentration of HIMMI
Effect of foreign ions
The effect of foreign ions like CI', Br, F, BrOs’, 1057, SOs, I', C105™ Cd (II), Mn (1I),

Al (IIT), Ca (II), Ba (II), Rh (II), TI (I), Zn (II) and many others present in various amounts
do not interfere in the spectrophotometric determination of 20 pg of nickel.

Precision and accuracy

The precision and accuracy of the method were studied by analyzing a series of
solutions containing known amounts of nickel (II). The results presented in table 1, show
that the R. S. D. for pure nickel solution is about 0.5%.

Table 1: Precision and accuracy in the determination of nickel

Concentration nickel (ng)

S.D. R.S.D.(%)
Taken Found®
0.50 0.501 0.0028 0.56
0.75 0.750 0.0033 0.44
1.00 0.998 0.0050 0.51
1.25 1.250 0.0047 0.38
1.50 1.502 0.0052 0.35

* Average of five determinations
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Application to the determination of nickel in synthetic mixtures

The present method was applied to the determination of nickel (20 pg) in various
synthetic mixtures. The results are shown in Table 2.

Table 2: Analysis of synthetic mixtures

Synthetic mixture composition® Amount found”
1 Ni (10) + Zn (10) 9.98
2 Ni (10) + Mo (10) 9.98
3 Ni (10) + Mg(10) 9.98
4 Ni (10) + Pb (10) 9.97
5 Ni (10) + U (10) 9.91

*Values given are in microgram amount of the metals.

®Average of five determinations

Application to the determination of nickel
Determination of nickel in alloy

About 0.3 to 0.5 g of sample (alloy) was dissolved in 15 c¢cm’ of aqua-regia. The
solution was evaporated to dryness and the residue was treated with conc. HNO; and diluted

to 100 cm’. An aliquot of diluted solution was used for the extraction and
spectrophotometric determination of Ni (II) by present method.

Table 3: Analysis of real samples

S. No. Sample Amount of Ni (II) (%)
Certified value Found
1 Nickel alloys
(1) Cupronickel 54.1 54.095
(i1) Steel 22.18 22.178

2 Vegetable oil 0.0014 0.0013
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Determination of nickel in vegetable oil

10.0 g of fat was heated in 100 cm® conical flask with 10.0 cm® of conc. HNO;
during which a current of air was driven through and the solution was continuously agitated.
The aqueous solution was filtered and concentrated to a small volume. It was made alkaline
with liquid ammonia, boiled and then filtered through a plug of paper pulp in a small filter
funnel. The filtrate obtained was clear and yellowish in colour. It was diluted to known
volume and further analyzed for the extractive spectrophotometric determination of Ni (II)
by the present method.

CONCLUSION

The proposed method is highly sensitive and selective than the other reported
methods for the extractive spectrophotometric determination of microgram amounts of
nickel. It offers advantages like reliability and reproducibility in addition to its simplicity,
instant colour development and suffers from less interference. It has been successfully
applied to the determination of nickel at trace level in synthetic mixtures, vegetable oils and
alloys.
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