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Before nickel's actual discovery and isolation, it had been used by %
human beings for centuries. ;?5%; N
Use of nickel (as a natural meteoric nickel-iron alloy) has been |
traced as far back as 3500 BC. It had been mistaken by ancients

for silver, copper and steel.

Back to 3500 BC, Syrian bronzes contained a small amount of
nickel. Between 1700 BC and 1400 BC, manuscripts from China
suggested white copper (cupronickel) was used.

In 235 BC, coins in China were made of nickel.

Ni was used by the Chinese in
naturally occurring nickel-copper alloys
for over 2000 years




Saxon miners knew well the ore, which looked like copper and was
used Iin glassmaking to color glass in green. The ore is called
“Kupfernickel”, which translates to "copper stubborn” or "Copper
mischief”. , MeOeH nHat" nnu ,MefgeH nanaBHUK"

However, all attempts to obtain copper from this ore were
unsuccessful.

Nickel was isolated from the same ore.

It was first Isolated and classified as a chemical element in 1751
by Swedish mineralogist and chemist Axel Cronstedt.

The element's name comes from a German miner mythology.

Nickel is an abusive word in the language of miners. Comes from
a generic word with several meanings. It meant "mischievous

little spirit”, "deceitful idler"




Nickel (Ni) is a silvery-whit, meial with = slight golden tinge. NICKEL

Hard yet malleable metal, magnetic i room lemperature
Relatively good conductor et eleciiciiAanerieats

Forms compounds In severaiiexicaieRisiaiesss he most common is Ni%*, but
compounds of NI% Nit and Ni*t arerwellFkigewin;

The divalent 1on, Ni(ll), SeemsHieRRENHENMESI Important for both organic and
Inorganic substances;

Nickel is an essential nutrient for some mlcroorganlsms and plants that have
enzymes with nickel as an active site. ' ~
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five ferromagnetic elements (Fe, Co, Gd
highly corrosion-resistant

alloys

niche chemical manufacturing uses




— Nickel is present in approx. 0.01% (mass).

. — on average 5.10~ % (weight percent)

- The

along with nickel (20%) and one or more light elements.
- There are some plants and microorganisms - “concentrators™ of nickel,

containing thousands and even hundreds of thousands of times more nickel
than Environment.

— on average 1,6.10% (weight percent)
— on average 1,2.10 % (weight percent)

IS thus believed to largely be composed of iron (80%),
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Is a mineral found in the human body, but its function to human heath or life is not yet known.
» The nickel deficiency in the body Is rare due to its small needed quantity.

« The WHO and European Commission's Directorate-General for Health and Food Safety introduces
concerning nickel intake:

and

(UL) for nickel for adults is

for adult is approximately . Adults consume approximately
of nickel from diet and supplements ( European Health and Nutrition Examination).

Relatively large amounts of nickel — extracted into food cooked in stainless steel.
Example: the amount of nickel extracted after 10 cooking cycles into one serving of tomato sauce is averages
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10 mg of nickel



— nickel is essential to plants

— the major source is oral consumption, as nickel is found naturally in
both food and water

nickel compounds are classified as based on increased respiratory
cancer risks observed in ore refinery workers
nickel metal is classified as a — there not detected increased

respiratory cancer risks in ore workers

» People can be exposed to nickel metal in the workplace by : , and
o]



The biological role of nickel is not yet fully known.

The majority of studies on the role of nickel in the body are done on animals,
so nickel importance to humans can not be verified yet.

IS generally evenly distributed in the body. Slightly larger amount is within the
, especially in :
« Itis considered that affect the associated with
nucleic acids.
« The role of nickel is associated with enzymes that affect the
affects optimal growth, healthy skin, bone structure.

IS Involved In



The present work

e water-isobutanol extraction-chromogenic system for nickel(ll);

e Ni(ll) -4-(2-thiazolylazo)orcinol (HTAR) —ionic liquid Aligate 336

MTAR- Aliguote
water 336

\ 4

ISsobutanol(2-melihylpropan-i-ol)



Reag nts and ¢ C]FCITUS

Isobuls Blteges:
i

THIS s |vr \T IS AMONGHHELEASIFIOXIC BUTANOLS
IT IS NOT AS VOLATILLE OR'CORROSIVEAS LOWER ALCOHE‘ S

CAN BE PRODUCED FROIVIFREN EVVABINER ln

IS EITHER ADDEDIAS A ELAVORINGAGENIFIN' FO@OD AND DRINK SYSTEMS
(COGNAC, WHISKEY, WINE, BRANDY ARRACK)

PRESEN fj\r\erir\LL‘{ IN'FOOD (CHINESE QUINCE FRUIT, NECTARINE, HOG PLUM).



Methods involving spectrophotometry

simple and low-cost;

can be easily combined with procedures for preliminary
separation and concentration;

can be easily combined with cloud point extraction;
can be easily combined liquid-liquid extraction.




Reagents and apparatus

« 5-methyl-4-(2-thiazolylazo)resorcinol (TAO) is a well-known analytical reagent;
HTAR(TAO) remains one of the most used

TAC TAN TAR TAO



Reagents and apparatus

(1.7x10-? mol dm-3; pH ~2) was prepared by dissolving NiSO,-7H,0
(Sigma-Aldrich, 99.999% trace metals basis) in distilled water containing H,SO,.
(95%, Sigma-Aldrich Chemie GmbH) -dissolved in the presence of KOH (1-2
pellets per 100 cm3); Solution with concentrations of 2x10-2 mol dm~—3 were used.
(Sigma-Aldrich Chemie) - dissolved in isobitanol (p. a. Merck). Solutions with
concentrations of 10~ mol dm—2 were used; the calculations were based on the average
molar mass of A336, 432 g mol.
« The acidity of was set by the addition of buffer solution, prepared by
mixing 2.0 mol dm=3 aqueous solutions of CH;COOH and ammonia.
were performed by using a Camspec M508 and a
Ultrospec3300 pro UV-Vis spectrophotometers (UK).
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Results and Discussion

1. Liquid-liquid extraction-spectrophotometric optimization
1.1. Absorption spectra in isobutanol of complexes
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—— 1. Ni-MTAR-A336 (pH 8.5)
1" MTAR-A336 (pH 8.5)
— — 2. Ni-MTAR (pH 8 5)
2. MTAR (pH 8.5)
3. Ni-MTAR-A336 (pH 4.7)
3 MTAR-A336 (pH 4.7)
— . = 4_Ni-MTAR (pH 4.7)
- .~ 4 MTAR (pH4.7)

Wavelength, nm

Figure 1. Absorption spectra in isobutanol of
complexes against blanks (1 — 4; c,; = 2x107° mol
dm=3, cyrar = 2.7x1074 mol dm™3, Cpz66 = 5.6x1072 mol
dm™3, Vg phase = 10 cM3, extraction time t = 60 sec)
and corresponding blanks against isobutanol (1’ — 4°).
Samples 2, 2, 4 and 4’ do not contain A336; pH is

given in the legend.
- pH 8.5; —pH 4.7,




Nickel(ll) =MTAR- ionic liquid

1.2. Research - effect of pH
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@ 1. Ni-MTAR-A336 Figure 2. Absorbance of the complex in presence

0 2. Ni-MTAR (1) or absence (2) of A336 vs. pH of the aqueous
phase. ¢, = 2x107° mol dm3, c\;rar = 2x1074
mol dm™3, Cpzs6 = 5.6x1073 mol dm3, V
10 cm3, extraction time t = 60 sec.

ag. phase -




Nickel(ll) -MTAR — ionic liquid

1.3. Effect of the reagents concentrations, volume of the aqueous phase and shaking time
1.3.1. Effect of the reagents concentrations

Figure 3. Absorbance vs. concentration of MTAR. (1)
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Cyi = 4%x107°> mol dm™3, Cys¢c = 1.4%x1072 mol dm™3, pH

6' Vaq. phase
= 2x107 mol dm™3, Cy35c = 5.6x1073 mol dm=3, pH 8.5,
V

aqg. phase

=5 cm3, extraction time t = 60 sec; (2) G,

0.0003 00006 0.0009 0.0012 00015
Cptar, Mol dm-3

= 10 cm3, extraction time t = 60 sec.



Nickel(ll) -MTAR- ionic liquid

1.3.2. Effect of the reagents concentrations
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Figure 4. Absorbance vs. concentration of

A336. ¢, = 2x107> mol dm=3, cyrar = 2.0x1074 mol

0.003 0.006 0.009 0.012 0.015 dm=3, pH 8.5,V = 10 cm3, extraction time t =
Caz36, Mol dm~ 60 sec.

ag. phase




Nickel(ll) -MTAR — ionic liquid

Parameter Opt:r;]r:zaetlon Optimal value
Wavelength, nm Visible range
pH 3.9-99
Volume of the agueous phase, cm—3 5and 10
Concentration of MTAR, mol dm-3 (0-1.6)x1073
Concentration of A336, mol dm-3 (0 —1.4)x1072
Extraction time, seconds 5 —300

Table 1. LLE-spectrophotometric optimization of the Ni'" — MTAR — A336 — water — isobutanol

system. The volume of the organic phase was 5 cm?.



Nickel(ll) -=MTAR — ionic liquid

2. Molar Ratios, Structure and Equations of Complex Formation and Extraction
2.1. Determination of the MTAR/Ni" and A336/Ni"" molar ratios - straight-line method of Asmus

EL ¢ in=1
O n=2
A n=3 O n=2

X n=1

——Poly. (n=1) A n=3
——Linear (n=2)
——Poly. (n=3)

——Poly. (n=1)
——Linear (n=2)

——Poly. (n=3)

MTAR/Ni" olr ratios i bl e o
2:1
2:1

Figure 5. Determination of the MTAR/Ni" (a) and A336/Ni" (b) molar ratios by the straight-line method of Asmus.
The experimental conditions are given in Fig. 3 (series 2) and Fig. 4, respectively.




Nickel(ll) -MTAR — ionic liquid

2. Molar Ratios, Structure and Equations of Complex Formation and Extraction
2.2. Determination of the Ni"/TAO molar ratios - the mobile equilibrium method

y=2.04x +9.40
R2=10.9944

MTAR/NIi" molar ratios
2:1

A336/Ni" molar ratios
2:1

y=2.07x +6.31
R2=0.9963
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A 1.R=MTAR
W2 R=A336

Figure 6. Determination of the MTAR/Ni" (1) and A336/Ni" (2) molar
ratios by the mobile equilibrium method. The experimental conditions

are given in Fig. 3 (series 2) and Fig. 4, respectively.




Nickel(ll) -MTAR- ionic liquid

3. Beer’s Law and Analytical Characteristics

0.05- 3.1 ug cm-3 (R = 0.9993, N = 9)
A= 0.8450— 0,006

LOD=46ngcm=  LOQ =153 ng cm
U= 5.0x10% dm?3 mol-! cm- S = 1.2x10- pg cm2



Nickel(ll) -MTAR- ionic liquid
4. Complex Composition

The formation of the ternary can be represented by (Equation 1.):

In the absence of A336, a neutral [Ni(HL),] complex is formed (Equation 2).



Nickel(ll) -MTAR- ionic liquid

5. Conclusions

The described investigations shed light on the complex formation between Ni(ll) and
MTAR in the presence or absence of A336.

The conditions of existence of the two main extracted complexes: 1:2:2 and 1:2

Complexes can be represented by the formulas:

and

In a slightly alkaline medium, Ni(ll) predominantly forms a ternary complex. It is
Intensively colored and readily extractable into isobutanol.

This solvent is less toxic than the diluents commonly applied to improve the physico-
chemical characteristics of the ionic liquid A336.

Additional advantages of the proposed procedure are its simplicity and rapidity.



Nickel(ll) “MTAR- AQ 336
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