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ABSTRACT

Since the second part of 20th century, there has lggowing concern over the diverse effects of heastals on
humans and aquatic ecosystems. A significant path® anthropogenic emissions of heavy metals epds
wastewater. Major industrial sources include sugaceatment processes with elements such as Cadrhrs,
Manganese, Copper, Zinc, Chromium Mercury, Arselnany and Nickel are discharged in wastes. Heavyaitse
can be hazardous even at very low concentratiohgnvthey get in to water supplies and aqueous enrients the
health of plants, animals as well as humans wilirbpaired. As such they are stable elements ang ¢aanot be
metabolized by the body and bioaccumilative by neatlioxic metals are commonly found in waste watet
removing them efficiently poses a unique challengbe author has developed an organic reagent‘4-
HydroxyBenzaldehydethiosemicarbazone’and studiecctmplexation reaction between various metal soms 4-
HBTS spectrophotometrically. The data pertaininghese studies reveals that heavy metals like NNKkéIl),
copper Cu (I1), and Bismuth Bi (lll) shows favoraldonditions for complex formation under weak acmbndition
(P"- 5-6).The author calculated the range of deterrioraof metal in each system. The results showatthtese
metal ions can be determined quantitatively in wgrdities using the standard procedures. The silitalof this
method for the determination of nickel is in thexga 0.2348-2.348 pg/mL, for copper the range i2D1.27
pg/mL and Bismuth can be estimated in the rang®885-8.35ug/ml in metallic sample solutions. Tthesabove
mentioned method has been extended for the desgiarirof heavy metals present in wastewater sample.

Key words: anthropogenic, wastewater, heavy metals, aqueensironment, 4-HBTS, Complexation,
Spectrophotometry, pH.

INTRODUCTION

Thiosemicarbazones contain nitrogen as well ashsulpThiosemicarbazones are good analytical reagé@nrb].
Thiosemicarbazones contain azomethine nitrogen atwanthioamide group. These reagents act as duoaldting
agents and form complexes with various metal ion®dnding through thioketo sulphur and hydrazinibrogen
atom.
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A good number of thiosemicarbazone ligands haven lrived by simply condensing aliphatic, aromatic
heterocyclic aldehydes or ketones with thiosemiazide.

Nickel is versatile metal in biological chemistiy.has been reported that normal human blood plasomdains
0.012-0.085 ppm of Ni(ll). Nickel is abundant ithibssphere and biosphere. Nickel is widely usedéntmplating,
the manufacture of Ni-Cd batteries, rods for aetding, pigments of paints, ceramic surgical andtaleprostheses,
computer components, magnetic tapes and nickelystda Nickel enters in to the water from dissautiof
industrial process and waste disposal . Nickel thasght to be essential for plants and some domastimals but
not considered to be a metal of biological importanntil 1975, when zerner discovered that ureass avnickel
enzyme Nickel is moderately toxic metal, and stlllow concentrations produces a general toxiccefém the
human organism causing nasopharynx and lung diseasaignant tumors and dermatological disease&éeNic
containing sewage water is harm full after ingies® water. Several thiosemicarbazones have hega bmployed
as chromogenic reagents for the spectrophotondgtarmination of nickel [6-11].

Copper is an important element in industry anddgmal chemistry. The human adult requirementiisg2per day,
and adult human body contains 100-150 mg of copjjése greatest concentration occurs in liver antelsdlood
contains a number of copper proteins and copparag/n to be necessary for the synthesis of hemaglalthough
there is no copper in it. Copper is essential fammal, they become hazardous when present in exc&ss
excessive accumulation of copper in liver, kidneyd erain, leads to liver and kidney failure andivas
neurological abnormalities. In plants copper reduchlorophyll content. Several thiosemicarbazdrese have
been employed as chromogenic reagents for therspectometric determination of copper [12-16].

Bismuth and its compounds came to be known in tletéenth century. However the metal at first doubt be
distinguished from lead and tin. Its propertieseviirst described towards the middle of the eighth century. It
occurs in freestate as well as in the combined foithe important sources of bismuth are bismutimagaBpS;,

bismuth telluride BjTe; and bismuth oxide (BDs).Bismuth is found in Earth’s crust up to 0.000284s least toxic
among the heavy metals. Bismuth is used in the fufrsub carbonates and subgalletes for the tredtoietiarrhea,
dysentery and ulcers. Bismuth is also used in thaufacture of low melting alloys which finds applion in the
fusible elements in automatic sprinklers, speciddlers, safety plugs in compressed gas cylindetisaariomatic
shutoffs for gas and electric water heating systétethods are also reported [17-20] for the sped&inb@metric
determination of bismuth. In this present artideme, selective and sensitive spectrophotometrgthod was
developed for the determination of nickel in watergdustrial waste water and in different alloys ngsi4-
hydroxybenzaldehedethiosemicarbazone. .

MATERIALSAND METHODS

Experimental part:
The absorbance and pH measurements were madetomad2u UV-Visible spectrophotometer (model UV-1§0A
fitted with 1.0cm quartz cells and Elico digital phkter (modelLI20) respectively.

Preparation and characterization of 4-hydroxy benzaldehyde thiosemicar bazone;

The reagent was prepared by simple condensatidh rable of 4-hydroxy-benzaldehyde(1.22gm) with 1leno
(0.92gm) of thiosemicarbazide in a clean 250ml tbbwottomed flask 4-hydroxybenzaldeyde was dissbive
100ml of methanol and thiosemicarbazide was diggbim hot water. The solutions were mixed and weftlifor
two hours. On cooling brown colored product wasrfed which was collected by filtration. It was restglized
using methanol and dried in vacuum.
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The yield was 80% by weight. and the M.P. is-209C. Thestructure of the compound was established usil
spectra and NMR spectra,

Characterization:

The IR spectrum of the compound was recorded uBiexkir-Elmer 137 IR spectrometer in KBr. The pe
observed at 3458ch and 3342 may be assighned to symmetric and assymethiH)- steching frequency of
primary amino group. The peak observed at 30:* may be assighned to At-stretching frequency of aroma
proton, and that observed at 159" to C=N stretching frequency of anethine. The peak observed at 3-3092
for —OH group. A strong peak observed at 105" may be assigned to C=S stretching frequency. Tlakg
observed in the range of 153860cn frequency werecharecteristic aromatic ring stretching freque

The 'H-NMR spectrum of the compound was recorded with DRXBIMR spectrometer in DMF solvent. T
peak observed &t value 10.74(H) was charecterstic of phen—OH group. The peak found atvalue 7.86(4H
may be due to aromatic protons, the peak obsen 5 value 6.8 (2H) may be due —NH, protons attached to
thionylgroup (C=S) and the peak observed @alue 9.0 is due to aldehydic proton. The peakwatlue 11.5 may b
due to —NH proton (azomethine).

Preparation of the solutions:

Cu(II) solution

Stod solution of copper sulphate (1 x? M) was prepared from 0.6242 g CuS@R, BDH) with doubly distillec
water and made upto 250 ml. The stock solution stasdardised. The stock solution was suitablyteld to ge
the required concentration.

Ni(l1) solution

0.5942 g of nickel sulphate (AR, BDH) was dissoliedoubly distilled water containing few dropsaafncentrate:
H,SO, and made upto 250 ml. The stock solution was stalizied gravimetrically using dimethyl glyoxime h&
stock solution was suitably diluted to get the iesfliconcentratic

Bi(I11) solution
1.2126 g of bismuth nitrate (AR, BDH) was dissolwedioublydistilled water in a 250 ml volumetric flask to de
x 10% M solution and standardised. The stock solutios switably diluted to get the required concentra

Stock solution of thereagent

0.195 g of recrystalised sample of the reag-hydroxyberzaldehyde thiosemicarbazone was dissolved in DV
a 100 ml volumetric flask to obtain the stock siant(0.1 M), and it was suitably diluted to get treguired
concentration. Fresh reagent solutions were peepas and when requir
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Buffer solutions
The buffer solutions are prepared by mixing 1M logihoric acid and 1M Sodium acetate (pH-3.0) and 0.2M
acetic acid and 0.2M sodium ace (pH 3.57.0). Exact pH of the solution was measured ugipgl mete

RESULTSAND DISCUSSION

Ni (11)-4-HBTS Complex:

Ni(Il) reacts with 4HBTS in weak acidic pH to give a green colouredenaboluble species. The colour react
between Ni (Il) and HBTS is instantaneous even at room temperature.abserption spectra o—HBTS with
water blank andts nickel (I)complex under the optimum conditiom® as shown in thiig-1).The nickel (I1)- 4-
HBTS complex shows the maximum absobance at 400where the reagent blank does not absorb apprgc
The maximum absorbandg,.x of the green coloured ecies (complex) was observed at 400 nm which res
constant for 24 hours. Studies on the effect ofopHhe absorbance revealed that the maximum celaarformec
in a solution of pH 6. A ten fold excess of thegest is adequate for complete colouvelopment. Addition of
excess of reagent has no adverse effect on abserban

Figurel Absorption spectraof Ni(I1)-4-HBTS Figure2 Beer,sLaw verification
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The studies relating to the effect of Ni (Il) relezhthat a linear relationship exists between mietalconcentration
and the absorbanc&i@-2) in the range 0.117-1.172ug/mL. The molar absaitgtiand sandell’s sensitivity are
2.13x10L.mol *cm*and 2.76x18ug / cnf respectively. The effect of the reagent on absuareas also studied, no
linear relationship is found between the reagemt tre absorbance. As the metal ion Ni (II) formscdoured
complex with reagent, an attempt is made to detentile composition and the stability of the compléob’s
method and mole ratio method are conducted to riase determinations. It is noticed that Ni(ll)nfisr a stable
green coloured 1:2 [M:L{Fig-3) complex with 4-hydroxy benzaldehyde thiosemicaon&z The stability complex
was found to be 2.76x10

The metals Copper and Bismuth also form stable ¢axep in weak acidic medium at differemhaxvalues.The
Physico-chemical and analytical characteristicthe$e complexes are tabulated in tablel.

Table-1: Physico-chemical and analytical characteristics of Complexes of Ni (11), Cu (1) and Bi (11) with 4-HBTS

Charecterstic Nickel Copper Bismuth
A max (NM) 400 410 360
p " range (optimum) 5.0-6.0 4.0-6.5 4.0-6.0
Moles_of the reagent required per mole df 10 folds 10 folds 10 folds
metal ion for complete colour development
Molar absoptivity (Lmole'cm ™) 2.13x10L.mol ‘cni* 2.85x10 L.mol Tcm? 1.26X10 4L.molcm?®
Sandell's sensitivity(ug/cth 2.76x10° 2.23x10° 1.64x10°
Standard deviation in the determination of
1.27pg/ml of Cu(ll) for ten determinations. 0.00152 0.000324 0.003447
RSD 0.13% 0.025% 0.082%
Regression equation - 0.022A§8?0.003: A410=0.0295 C + 0.0458]  3=0.0132C+0.1189
Beer's law validity range(ug/n 0.11%1.17:2 0.0635+1.272 0.83:-8.3¢
Composition of the complex (M:L) 1:2 1:2 12
obtained in job’s and mole ratio method. ' ’ )
Stability constant 2.76 x 10 5.93x108° 2.4x10™

Applications of the proposed method:

To confirm the usefulness of the proposed methtasas applied to the determination of nickel inigrd water and
in industrial waste water samples. For this purptiee water samples were collected from differenttspaf
industrial estate. The water samples [1liter] waskected in clean 2 liter beakers and slowly evafed to 25mL;
then 5ml of HO, was added and evaporated to dryness. It was thsmolded in 20mL of water and filtered to
remove insoluble substance. The filtarate was cttkin 100mL volumetric flask quantitatively anifited to the
mark with distilled water. Two untreated waste wai@mples collected from different parts of indiastestate have
been analyzed after treating the water sample usiegrocedure described above. Reliability of niethod was
checked by the spiking experiments and compariagélsults with the data obtained by GF- AAS as shiowthe
table- 2, the results obtained with the proposethattagree well with data obtained by furnace atoafisorption
analysis and the recovery of the spiked sampleoisdg suggesting that the procedure is reliable stomple
examination.

Table-2: Determination of nickel in ground water and in industrial waste water samples

Sample Added pg/ml  found pg/mL.  Recovery|% GF-KA§/mL
Ground water 15.0 L 4'T‘7E3_:)0'3 98.7 5.340.2
Industrial Waste wter (1 15.0 ;82228 96 75.6+1.8
Industrial waste water(2 15.0 gggﬂi 94 67.8+1.2

3 mean and standard deviation of three determinatid%D — not determined.
CONCLUSION

In this study it was shown that Thiosemicarbazonesld be used as a ligand for the Spectrophotometri
determination of trace metal ions. The methods ritestt in this paper are applicable for the rapidgcise and
reliable determination of trace amounts of Copickel and Bismuth in water and in industrial wastater.
Reliability of the method can be checked by thekisgi experiments and comparing the results with daéa
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obtained by GF- AAS .The main benefits of the pthre are the enhanced sensitivity of the spectropietric
method, low cost, fairly easy operation and spdezhalysis.
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