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Simultaneous Determination of Nickel (II) and Cobalt
() Using Cinnamaldehyde Thiosemicarbazone by
First Order Derivative Spectrophotometric Technique
in Presence of Micellar Medium
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Cinnamaldehyde thiosemicarbazone (CMTSC) was used as chromogenic reagent for Simultaneous spectro-
photometric determination of Nickel (I) and Cobalt (Il) ions. The reagent (CMTSC) gives intense yellow colour
water soluble complexes with Nickel (Il) and Cobalt (Il) in presence of micellar medium (Triton-X-100 (5%) at pH 9.0. The
maximum absorbance was observed at Amax 440 and 400 nm for Nickel (Il) and Cobalt (Il) respectively. The molar absorp-
tivity and sandell’s sensitivity for Nickel (Il) and Cobalt (Il) complexes are found to be 4.77x10%, 4.70x10* L.mol-".cm-" and
0.0012, 0.0012 pg/cm? respectively. The reagent (CMTSC) forms 1:1 [M:L] complexes with Nickel (Il) and Cobalt (Il) with
stability constants 8.17x 10° and 10.10x10° respectively. The First order derivative spectrophotometric technique has been
developed for the simultaneous determination of Nickel (Il) and Cobalt (Il) at kmax 460 and 420 nm.

Introduction:

Hydrazones are important organic analytical reagents for the
spectrophotometric determination of metal ions in micro-
gram quantities. They react with metal ions forming colour
complexes and act as chelating agents. The potential appli-
cations of hydrazone derivatives for the spectrophotometric
determination of metal ions have been reviewed by Singh
et.all.

The great interest towards derivative spectrophotometry was
due to the increased resolution of spectral bands, that means
it is resolving two overlapping spectra and eliminating matrix
interferences in the assay of two component mixtures using
zero-crossing technique.?® In the absence of zero-crossing
point, two simultaneous equations can be solved to deter-
mine the components in such a mixture®® Hydrazone rea-
gents are widely used in our laboratories for the derivative
spectrophotometric determination of metal ions®# Deriva-
tive spectrophotometric analysis of two-component mixtures
was also carried out without need to solve simultaneous
equations®” In the light of good analytical characteristics of
hydrazones, here in we report the simultaneous first order de-
rivative spectrophotometric determination of Nickel (Il) and
Cobalt (ll) using Cinnamaldehyde semithicarbazone(CMTSC).
The proposed simultaneous method involves the use of
peak-to-base line measurement technique.

Experimental part-Materials & methods:

Apparatus:

Shimadzu 16A microcomputer based U.V-Visible spectro-
photometer equipped with 1.0 cm quartz cells used for all
absorbance studies and amplitude measurements in deriva-
tive spectrophotometery. An ELICO LI-120 digital pH mater
was used in pH adjustments.

Recommended procedure for Simultaneous determina-
tion of Nickel (I) and Cobalt (lI)

For simultaneous determination of Nickel (Il) and Cobalt (I1),
a solution containing both Nickel (I) and Cobalt (Il) in the op-
timum concentration range 0.176-0.727 ug/mL of Nickel (Il)
and 0.142-0.637 ug/mL of Cobalt (ll) are used. The absorp-
tion spectra indicates that Nickel (/) and Cobalt (Il) complexes
shows maximum amplitude in derivative spectrophotometric
technique at Imax 460 and 420 nm respectively. Calibration
curves are prepared between amplitude and amount of met-
al ion at their respective wavelength. The amount of metal

ion [Ni (Il) or Co (Il)] was calculated from calibration graphs.

At L max 420 nm Cobalt (Il) complex has a zero crossing
point, which is independent of the metal ion concentration
and at this wavelength Nickel (Il) has appreciable amplitude
shown in Figue.2. Hence, simultaneous first order derivative
spectrophotometric determination of Ni (ll) and Co (Il) has
been carried out by measuring peak-base line technique at
460 nm and 420 nm respectively without employing the si-
multaneous equations.

Calibration plots were constructed at 460 nm and 420 nm by
plotting the derivative amplitudes against the correspond-
ing amounts of Ni (II) and Co (ll) respectively. The plots thus
obtained are linear obeying the relationship.

Ni (1) A 460 nm = 0.66846X+2.66667x10*

Co (Il) A 420 nm = 0.68153X+0.00125
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Figure.1: Zero order Absorption Spectra
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Fig.2: Simultaneous first order Derivative Spectra
(a) Reagent CMTSC Vs water blank,
(b) Co (I)-CMTSC Complex Vs Reagent blank,
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(c) Ni (I)-CMHBH Complex Vs Reagent blank.

(D) Co (IN-CMTSC

(E) Ni (I)-CMTSC

[N| (I &Co (IN] = 1.5x10%, [CMTSC] = 3x10° M,
= 9.0 Triton X-100 (5%) = 0.5 mL
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Figure.3: Typical first order derivative spectra

[N (1] =1.5x10"*
[CMHBH] = 3X103
pH =90
Triton-X-100 (5%) = 0.5 mL
Amax =460 nm
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Figure.4: Typical first order derivative of Ni (I)-CMTSC
Co (II)-CMTSC

[Co (D] = 1.5x10"°
[CMHBH] =3X103
pH =90
Triton-X-100 (5%) = 0.5 mL
Amax =420 nm

Results and discussion:

Cinnamaldehyde semithiocarbazone (CMTSC) was a novel
type of reagent. The above reagent was easily synthesized as
any other Schiff base. Aldehyde-4-hydroxybenzoylhydrazone
reagents are not exploited much for spectrophotometric de-
termination of metal ions. Moreover, the derivative methods
using this class of reagents are scare.

Structure of CMTSC

Interference:

The effect of foreign ions was studied to know the selectivity
of the derivative methods. The amount of foreign ions, which
brings about change in amplitude by + 2%, was taken as the
tolerance limit. Interference of various ions which often ac-
company with Nickel (Il) and Cobalt (Il) has been studied in
the determination of 0.440 ug/mL of Nickel (I) and 0.441 pg/
mL of Cobalt (II).

The data obtained in derivative method is also incorporated.
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It is noticed that all the ions that do not interfere in the zero-
order determination of metal ions also do not interfere in the
first derivative analysis. The tolerance limit values, for many
anions and cations are higher in the first order derivative
methods than those in the zero-order determination of metal
ions.The interference of associated metal ion such as Fe (Ill)
was decreased by adding the masking agent fluoride.

Applications:

The simultaneous first derivative spectrophotometric deter-
mination of Cobalt applied in biological samples, Nickel in
plant samples, some alloy steels and soil sample. The results
are presented in Table 1, 2 &3 respectively.

Table.1: Simultaneous determination of Ni (lI) and Co (Il)
in Alloy steel samples

Alloy Certified (%) | Amount found | Error (%)
sample (%)

Ni Co Ni Co Ni Co
(a) (I 1D (1)) (€0)) (1D
](\';1? F7li1%iloy 15.00 | 40.00 | 14.95 |39.89 | -0.27 | —0.15

586}?1cs 0.14 ] 0.016 | 0.138 | 0.015 | —1.40 | +0.63

(c) Alloy 11.22 | 23.72 | 11.23 | 23.67 | +0.08 | —0.04
steel

*Average of three determinations; (a) 20% Cr, 40% Co, 15%
Ni, 0.15% C, 15% Fe, 2% Mn, 7% Mo, 0.05% Be. (b) 0.066%
Mn, 1.06% Cr, 0.05% Mo, 0.14% Ni, 0.016% Co, 0.091% Cu,
0.19% V2. (c) 51.15% Fe, 11.22% Ni, 5.09% Cu, 23.72% Co,
6.9% Al, 0.79% Ti, 0.235% Mn, 0.57% Si.

Table.2: Simultaneous first-order derivative determination
of Co (ll) and Ni (ll) in synthetic binary mixtures

Amount taken (ug/|Amount found (ug/|Error (%)

mL) mL)

Ni (II) Co (I) Ni (1) Co (Il) Ni (1) Co (I
0.2347 0.2357 |0.2345 [0.2356 -0.08 [+0.42
0.4694 10.2357 10.4689 10.2349 -0.10 [-0.34
0.7041 0.2357 |0.7045 [0.2352 +0.05 [-0.21
0.9388 0.2357 |0.9389 [0.2356 +0.01 _ [-0.04
1.1785 0.2357 1.1789 [0.2353 0.03 -0.16
0.2347 0.2357 |0.2345 [0.2356 -0.08 -0.04
0.2347 0.4714 10.2345 [0.4712 -0.08 [-0.04

*Average of three determinations.

Table.3: Determination of Ni (ll) and Co (ll) in Soil samples

Sample  and|Amount in ppm Relative error
1 (e

composition Certified|Amount found (%
(ppm) éGSI) value|by present
ppm) method* (ppm)
Ni (1) [Co (1) [Ni (1) [Co (I]) Ni Co (ll)
50.50 |40.35 |50.56 |40.23 +0.11]-0.29

20.30 Zn (Il
88.85 Cu (Il)

S-18
20.20 Pb (”3

* Average of best three among five determinations.

Conclusions:

The present method, using HDMBHBH as spectrophotomet-
ric reagent for the simultaneous determination of Ni (ll) and
Co (Il) in presence of Triton X-100 is simple, rapid, reasonably
sensitive and selective. The present method is not laborious
and there is no need of heating the components or pre-ex-
traction. Large amounts Bromide, lodide, Tartarate and Ni-
trate do not interfere in the present method.

This method was also free from the interference of strontium,
arsenic, tungsten, lanthanum and other rare earth metals.
Triton X-100 enhances the stability of the metal complexes.
Further, the simultaneous determination of Ni (Il) and Co (Il)
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carried out without the need of employing the simultaneous
equation.
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