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ABSTRACT

m-Chlorophenylazo-bis-acetoxime has been usedofmtophotometric determination of nickel
(1) at 376 nm and a pH of 7.0-8.0. Beer's law Eeged in the range of (2.0-16.0) x1®1. The
molar absorptivity and Sandell’s sensitivity valime 3,691 L mét cmi* and 15.90 ng cih
respectively. Log is determined by two different method i.e. Haraeg Manning‘s method and
Purohit's method and the values of it are 12.93 4823 respectively-Hydroxytriazenes have
been used as analytical reagents for a numberaofsition metals. Similar compounds arylazo-
bis-acetoximes developed by Bambemyadt subsequently used by Sogani & Bhattacharaya as
spectrophotometric reagents for determination afouss transition metals such as cobalt, iron
and copper. In the present paper m-chlorophenylaigeacetoxime (m-CPABA) has besen used
for spectrophotometric determination of nickel.(ll)
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INTRODUCTION

Arylazo-bis-acetoximes are well established anedytreagents for both complexometric and
spectrophotometric determination of transition edats. Bamberger[1-5proved that they
possess the same skeleton as hydroxytriazenesiasdhieir preparative methods as reported by
Mai[6-7] involve coupling of diazonium salt with aldoximes ketoximes. The application of
this class of compounds as analytical reagenthasvis by various reviews[8-12s well as
paper$”* appearing in last many years. In the present camuation a new reagent, m-
chlorophenylazo-bis-acetoxime (m-CPABA) has beasdugst time for the spectrophotometric
determination of nickel (ll). The reagent (m-CPABKA3s been synthesized by using standard
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methods, duly characterized by IR, elemental amal{SHN) and m.p. determination etc.

proving that compound was obtained in pure formwé#s used for the spectrophotometric
determination of nickel (Il). The studies indicateat the method developed is reasonably
sensitive with advantage that it can be appliechit«kel samples in presence of 27 different
anions/cations with a standard deviation of 0.08820.71% . Thus the compound is a new
addition to reagents available for nickel deterrtiora

EXPERIMENTAL SECTION

Synthesis of m-chlorophenylazo-bis-acetoxime (m-CH3)
m-chlorophenylazo-bis-acetoxime (m-CPABA) was sgsthed per standard method. The
general method is described below. The synthesssdeae in three steps.

Step: 1 Preparation of acetoximes

In the preparation of m-chlorophenylazo-bis-acetexi (m-CPABA) 0.1 moles of
hydroxylamine hydrochloride was dissolved in minfmguantity of water and to it an aqueous
solution of 8 gm. of NaOH was added. After coolthg solution in an ice water bath, acetone
(14.7ml) was added slowly followed by shaking fewfminutes. This resulted in the separation
of acetoxime soon as a crystalline solid. Thetreaanixture was filtered and directly used for
coupling.

Step: 2 Preparation of aryldiazonium salts

m-toludine (0.1 moles) was dissolved in mixturetaamng 24.7ml of HCI and 25 ml of water.
In another beaker 7.0 gm. of sodium nitrite wasaliged in minimum quantity of water. The
temperature of the aryl amine hydrochloride sohutizas maintained between 8-6. To this
solution, sodium nitrite solution was added dropdbyp with stirring. The diazotised product so
obtained was directly used for coupling.

Step: 3 Coupling

Freshly prepared acetoxime obtained in step-1 wsasolded in 10% sodium hydroxide solution

(150ml) and cooled below 5°C. The temperature atalised product obtained from step-2 was
maintained between 0-5°C. Then step-2 solution adaed dropwise to the solution obtained in
step-1 and pH of solution was maintained close Goafd the temperature during the entire
course of the reaction was kept below 5°C. Thelt@siuproduct was filtered, washed with

petroleum ether (40-60°C) and dried.The crude camgs was purified and recrystallized. The
purity of the compound was checked by I.R. studéesl physical characteristics. The

compositions were verified by elemental analysitttfese data have been given in table 1.

m-chlorophenylazo-bis-acetoxime(m-CPABA) was sulgiedo four spot tests as described by
Purohitand this reagent gave positive test with all the testing methods, proving the purity of
the compound.

(a) a-naphthylamine test

(b) Picric acid test

(c) Sulfuric acid test

(d) N, N-Dimethylaniline test

35



A. K. Goswamiet al J. Chem. Pharm. Res,, 2011, 3(2):34-38

Table 1. Physical Characteristics, M.P., CHN valueof the Reagent

Molecular | Colour and shape Solvent Elemental analysis M.P.
formula of the crystals used % Carbon % Hydrogen % Nitrogen| (°C)

. | Th. | 50.61 5.98 19.68
C1o2H17/N4O.Cl | Red micro crystals Ethanol Exp.| 50.44 599 19.48 109

Table 2. Characteristic IR Bands Obtained for m-CPABA

IRBands Obtained(ct)
VN-H On-oH On-H

Structure of the Compound

H,C OH
HyC N
N—O N—=N

7 3195 1075 1511
HaC
CHy @»d

Various peaks given in the Table-2 clearly confiims presence of all these bands thus proving
purity of the compound.
Preparation of solutions:

l.Reagent solution A fresh stock solution of 1.0 x TOM of the reagent(M-CPABA) was
prepared by dissolving requisite quantity of thegent in ethanol .Dilute solution was prepared
from this stock solution and when required.

Il. Standard solution of nickel (I1): A 1.0 x 10° M stock solution of Ni (I) was prepared by
dissolving the requisite quantity of Ni (ll) sulghaheptahydrate(A.R. grade) in double distilled
water. It was standardized with standard EDTA sotutising xylenol orange as an indicator.
Weaker solutions were prepared by appropriate iditlubf the stock solution with double
distilled water.

[ll. Solutions for pH adjustment: Tris-buffer solution: An aqueous solution of 2% \@viris buffer
was prepared by dissolving it in double distilledter.

IV.Instruments: The spectrophotometric study was carried out ontr@ys- 108UV-VIS
spectrophotometer Systronic pH meter-324 was usgpH measurement.

V.Procedure: Following set of experiments were carried out fime spectrophotometric
determination of Ni (ll).

Selection of suitable working wavelengthOne ml of 5.0x1d M Ni (Il) and 5ml of 2.5x15 M
reagent solution were taken in 10 ml volumetricsklaand then made up with acetone.
Absorbance of solution against its reagent blank ma&asured in the wavelength region 360-
420nm. The working wavelength was selected in aoregvhere the absorption of Ni (Il)
complex was maximum and absorption due to reagastminimum. For working wavelength
and maximum absorbance wavelength were select@&batm.

a. Effect of pH on absorbanceAbsorbance of the solutions at various pH vak@m#aining Ni

(I1) and reagent solutions in the ratio of 1:5 waken at working wavelength 376 nm against
reagent blank. The optimum pH range for constantimam absorption was selected.

b. Composition of the nickel (I) complex The composition of the Ni (Il) complex with was
determined using Job's method, mole ratio methotbefand Jone’s and slope ratio method.
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d. Job's method The composition of Ni (II) complex with m-CPABAas determined at two
different concentrations with Job's method[12]. feach concentration, set of solutions was
prepared by varying the volume of equimolar Ni @fd reagent solution from 0 to 6 ml. After
pH adjustment, the solutions were marked (10 mith ethanol. The absorbance of solution was
measured at suitable working wavelength againgfer@ablank. The second set of this method
differed from the first set only in the concentoatiused. By this method the composition was
found to be 1:3 [Ni: R].

e. Mole ratio method of Yoe and Jone’s [13]in this method Ni (II) concentration was kept
constant and reagent concentration was varied.ri@ssef solutions having Ni (Il) to reagent
ratio 1:0.4 to 1:10 were prepared with maintairtimg pH of constant absorbance. Absorbance of
each solution of a set was measured at working vagth against the reagent blank. By this
method the composition was found to be 1:3 [Ni: R].

f. Beer's Law: A set of solution having metal to ligand rati® lvas prepared. The studies were
performed under optimum condition of pH, concedraand solvent at corresponding working
wave length. The absorbance was measured for timpleg against the reagent blank. The
straight line shows that the Beer’s law is validhe entire concentration range studied.

g. Precision Studies Taking appropriate concentration of Ni (II) andNaR (1:5), a set of ten
solutions was prepared under optimum conditionsarhplex formation. Absorbance of each
complex was measured against reagent blank. Thiétses precision studies reveal that by
using this method Ni (II) can be determined at ppwel with good precision.

Table: 3 Result of precision studies

Nickel (1II) taken in ppin  NicKé) found in ppm
11.74 | 11.74+0.083

Name of the reagent
m — CPABA

h. Interference studies Interference of various cations and anions & determination of
nickel was studied at 5, 10 and 100 ppm level.rlatence was studied using following 27
cations and anions, viz. NH Na’, K*, Mn*, B&*, PE*, Hg?*, Sitf, TH, cd*, C&*, Mg,
CH,COO ™, Br , CI', GO, PQ*, S , GO/, SO , NQ , S@ , S, HPQ" , F ,
NO; , and W@ . It was found that following ions did not integeeven at 100 ppm levels:
NH,", Na', K*, B&*, cd*, Mg®*, CH:COO , Br , ClI™, GO, PGQ*, S@ ,NQ , $, and
NOs; Whereas HP® , Nf*, Cd”*, could be tolerated only upto 5 ppm angDg& , WQ*
PK** upto 10 ppm. However, tolerance of still high cemtration was not studied. Thus it can be
seen that nickel (Il) can be determined in presesice number of interfering species present
even at 100 ppm level. It may be concluded thathforophenylazo-bis-acetoxime can be used
successfully for spectrophotometric determinatibNiq(ll).

i. Sandell's sensitivity The molar absorptivity of the Ni (II) complex waalculated from the
Beer's law graph and it was found togs®,071 L/mol.cm. The value thus obtained was used f
determining Sandell's sensitivity of the compleattivas 7.207ng/chiThis value shows that the
method is quite sensitive and satisfactory fordagermination of Ni (11).

Table 4a: Spectrophotometric Determination of Ni (I) with m-CPABA

: Composition of Working . , Molar
Nv:/(iltlr)lcrzr:pé?]); the complex Wavelength Optgnurg pH E;Zﬁr: I(_,a\;v absorptivity
g [Ni(11):R] OF Amax (am) g g [mol-cm]
_ 2.0x10°to
m-CPABA 1:3 376 7.0-8.0 16.0x10° 3,691
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Table 4b: Spectrophotometric Determination of Ni (I) with m-CPABA

Sandell’'s Ni(ll) taken | Standard % error | LogP from Harvey | LogP from
Sensitivity ng | in ppm Deviation in and Manning's Purohit's
cm’® ppm method method
15.90 11.74 0.0832 0.71 12.9286 13.2215
Table -5: Values of logp and AG by two different methods
.. | Conc. Of
Name of Compositior] A 13 2 AG *Kcal
method Reagents of complex CO{SE‘)':AX x| Em Es | a |Kisx 10| Bx10%|logp mol*
Harvey and m-chloro phenyl
Manning's | azo-bis-acetoxime 03 1 0.374{ 0.2840.24 1.18 8.48 | 12.93 -17.74
method (m-CPABA)
n m-chloro phenyl 3 1.01| 0.89 0.11 1.65 6.077 12/7817.55
Purohit's azo-bis-acetoxim
I 3
method (M-CPABA) 15 0.504 0.44 0.1p 2.15 466 13.6718.76

RESULTS AND DISCUSSION

As described in the table no. 5, the reagent fdirBcomplex with m-CPABA. The conditional
stability constants have also been given in théetatetermined using two different methods.
The results agree well as seen from theflogalues from both the methods. Precision studies
further validate the applicability of method usthg reagent.

Further, the results of interference studies indithat the method can be successfully applied in
presence of number of cations as well as aniondrdxytriazenes as well as acetoximes act as
bidentate ligands and in the present case the meags been found to form a 1:3complex with
m-CPABA which indicates a tetracoordinated nickidl ¢omplex with a probable geometry
being square-planar.
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