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ABSTRACT

Heavy metals can be hazardous even at very lowetdrations. When they get in to water supplies agdeous
environments the health of plants and animals a$ asgehumans can be impaired. Heavy or toxic metalsh as
cadmium Cd (ll) Nickel Ni( Il) Copper Cu (Il) Lea®b(ll) and Bismuth Bi(lll) are trace metals withdensity at
least five times that of water. As such they aablstelements and they cannot be metabolized bypdbg and
bioaccumilative. Toxic metals are commonly founevaste water and removing them efficiently presanisique
challenge.in  the present study the author has dgeel an organic reagent “4-
HydroxyBenzaldehydethosemicarbazone” and studiedctimplexation reaction between Cu (Il) and 4-HBTS
spectrophotometrically. The data pertaining to thesudies reveals that Cu (II) shows favorabladitions for
complex formation under weak acidic conditiof{B-6) . The results showed that the metal ionstEdetermined
quantitatively in pg quantities using the standprdcedures. The suitability of this method for de¢ermination of
copper in the range is 0.127-1.27 ug/ml. The aboeationed method has been extended for the detgiarirof
Cu (Il) present in wastewater sample. The autha bampared the present method with other specttophetric
methods for the determination of copper. A reviewremoval of Cu (ll) from the waste water samplengis
magnetite nanoparticles is presented in this pper.

Key words. wastewater, heavy metals, aqueous environmehtB®S, Complexation, Spectrophotometry, pH
.Magnetite, nanoparticles.

INTRODUCTION

Thiosemicarbazones are good analytical reagent. [Copper is an important element in industry aiaogical
chemistry. The human adult requirement is 2 mgdagr, and adult human body contains 100-150 mgopper.
Copper is essential for mammal, they become hamarddien present in excess. An excessive accuionilafi
copper in liver, kidney and brain, leads to livad&idney failure and various neurological abnoitigd. In plants
copper reduces chlorophyll conterin this present study a simple, selective and sgasspectrophotometric
method was developed for the determination of coppwater, industrial waste water. Several thiosambazones
have been employed as chromogenic reagents forspeetrophotometric determination of copper [6-10].
Development of novel and cost effective nanomatefa@ environmental remediation, pollution detentend other
applications has attracted considerable attenfR@tent advances suggest that many of the issuelvimy water
quality could be resolved using nanoparticles, filiration or other products resulting from nandteology [11-
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12]. The use of magnetite nanoparticles as adstwhienwater treatment provides a convenient apprdac
separating and removal of copper by applying examagnetic fields..

MATERIALS AND METHODS

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

Preparation and characterization of 4-hydroxy benzé&dehyde thiosemicarbazone

The reagent was prepared by simple condensatiah mble of 4-hydroxy-benzaldehyde(1.22gm) with 1leno
(0.92gm) of thiosemicarbazide in a clean 250ml| tbbwettomed flask 4-hydroxybenzaldeyde was dissbivie
100ml of methanol and thiosemicarbazide was digsbim hot water. The solutions were mixed and xeftufor
two hours. On cooling brown colored product wasrfed which was collected by filtration. It was restglized
using methanol and dried in vacuum.

S
T
= \u NH2

CcCHO
S
N Hzl\l\ﬁ)l\NH2 -
OH OH
4-hydroxy
Benzaldehyde Thiosmrbazide 4-HBTS

The yield was 80% by weight. and the M.P. is 209°20 The structure of the compound was establishid uR
spectra and NMR spectra,

Characterization:

The IR spectrum of the compound was recorded uBiekkin-Elmer 137 IR spectrometer in KBr. The peaks
observed at 3458ch and 3342 may be assighned to symmetric and assymetric (}-Ntething frequency of
primary amino group. The peak observed at 3028omy be assighned to Ar-H stretching frequencyrofratic
proton, and that observed at 1595t C=N stretching frequency of azomethine. Thekpesserved at 3218-3092
for —OH group. A strong peak observed at 1056amay be assigned to C=S stretching frequency. ek
observed in the range of 1530-1360¢requency werecharecteristic aromatic ring stretching frequency.

The 'H-NMR spectrum of the compound was recorded withXBB NMR spectrometer in DMF solvent. The
peak observed &t value 10.74(H) was charecterstic of phenolic —Qblug. The peak found atvalue 7.86(4H)
may be due to aromatic protons, the peak observédvalue 6.8 (2H) may be due to —Midrotons attached to
thionylgroup (C=S) and the peak observed @alue 9.0 is due to aldehydic proton. The peakwatlue 11.5 may be
due to —NH proton (azomethine).

Preparation of the solutions:

Cu (1) solution

Stock solution of copper sulphate (1 X*IM) was prepared from 0.6242 g CuS@R, BDH) with doubly distilled
water and made upto 250 ml. The stock solutionstasdardised. The stock solution was suitablyteld to get
the required concentration.

Stock solution of the reagent

0.195 g of recrystalised sample of the reagentdtd®ybenzaldehyde thiosemicarbazone was dissotv&MF in
a 100 ml volumetric flask to obtain the stock swint(0.1 M), and it was suitably diluted to get treguired
concentration. Fresh reagent solutions were peepas and when required.

Buffer solutions
The buffer solutions are prepared by mixing 1M logdloric acid and 1M Sodium acetate (pH 1.0-3.G) &r2M
acetic acid and 0.2M sodium acetate (pH 3.5-7EXact pH of the solution was measured using a ptéme
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RESULTS AND DISCUSSION

Cu (I) reacts with 4-HBTS in weak acidic pH to gia green coloured water soluble species. The cobaction
between Cu (ll) and 4-HBTS is instantaneous evenah temperature. The maximum absorbanggof the green
coloured species (complex) was observed at 370nichwbmains constant for 24 hours. Studies on tleeteof pH
on the absorbance revealed that the maximum celaarformed in a solution of pH 6.5. The studiesatief to the
effect of Cu (ll) revealed that a linear relatioipsbxists between metal ion concentration and tisoidbance in the
range 0.06354-1.272pg/ml. The molar absorptivity aandell’s sensitivity are 2.85X10mol “cm® and 2.23x10
%ug / cnf respectively. The effect of the reagent on absureds also studied, no linear relationship is fbun
between the reagent and the absorbance. As théioretau (I) forms a coloured complex with reageam attempt
is made to determine the composition and the #hahif the complex. Job’s method and mole ratio et are
conducted to make these determinations. It is edtibat Cu(ll) forms a stable green coloured 1:2[Momplex
with 4-hydroxy benzaldehyde thiosemicarbazone. Ftability complex was found to be 5.93x1Data related
various parameters of Cu (11)-4HBTS complex is prasd in table-1.

Table-1. physico-chemical and analytical characteristics o€u(ll)- 4-HBTS

Characteristics Results
A max (NM) 370
| p" range (optimum) 4.0-65
Moles of the reagent required per mole of metalf@rcomplete colour development 10 folds
Molar absoptivity (Lmole'cm™) 2.85x10 L.mol “cm*
Sandell's sensitivity(ug/c?) 2.23x1C°
Standard deviation in the determination of 1.27l@hCu(ll) for ten determinations; 0.000324
RSD 0.025%
Regression equati Aszc=0.0295 C + 0.045
Beer's law validity range(pg/ml) 0.06354-1.272
Composition of the complex (M:L) obtained in jolisd mole ratio method. 1:2
Stability constant 5.93x10°

The author has compared the present method witir spiectrophotometric methods for the determinatfacopper
anummarised in table-2.

Applications of the proposed method:

To confirm the usefulness of the proposed methodas applied to the determination of copperl iauyd water
and in industrial waste water samples. For thigppse the water samples were collected from diftepants of
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 ttssolded in 20mL of water and filtered to
remove insoluble substance. The filtarate was ctbkin 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 compariegdsults with the data obtained by GF- AAS as showthe
table- 3, the results obtained with the proposethattagree well with data obtained by furnace atoafisorption
analysis and the recovery of the spiked sampleorsdgsuggesting that the procedure is reliable stomple
examination.
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Table 2: Comparison of the present method with otbr spectrophotometric methods for the determinatia of copper

: Beer's law Mola!' .
Reagent ,JAnm Of.) tr|21nur2 validity all_brsnolget(':\rl];t}/ M:L? Remarks Ref.
me P 9 range ppm
2,7-Dichloroquinoline-3- Many metal ions interfere and poor
carbaldehyde thio] 406 6 0.003 18435 | - v POBr 14
: sensivity

semicarbazor
8-methoxy-2-chioro - quinoline Many metal ions interfere and poor
3-carbaldehyde 410 5 3 0.0026768 11 Y P [12]

h A sensivity
thiosemicarbazot
Salicyladehyde 4 Fe(l), Co(ll), Zn(ll),v(V), Bi(lll) Cd(ll)
thiosemicarbazone 375 6.5-7.5 0.5-6.0 9200 11 and thiocyanate interfere , less sensitive (13]
7-Methyl-2-chloroquinoline-3- . .
carbaldehyde thiosemicarbazofe 400 4.0 5.0 3434 | - Mo (lv) interfere less stwns [14]
P|_co||ne_ aldehyde 4-phenyl-3- 413 | e 20-30 16000 | oo Ag(l)_,_Au(II) and Pt(IV) interfere, less [15]
thiosemicarbazone sensitive
55-Dimethyl-1,23- 383 | e 0-11.2 4600 13|  Less ensitive [16]
cyclohexanetrior-1,2dioxime
Pyruvaldehyde  N,N-dibutyl) . -
bis-thio semicarbazone 488 5-12 | - 10,900 11 Less sensitive [17]
2-Carboxybenzaldyde YT I [— 0.5-5.0 12,000 | 1:1] Less sensitive [18]
thiosemicarbazone
2,4-Dihydroxy-5-
bromoacetophenone 420 6.0 12.7 1459 1:1|  Poor sensitivity [19]
thiosemicarbazide
Benzaldehyde-4-(2-hydr oxy -5- . o
sulphonyl 3-thiosemicarbazone 325 4.5 7.62 744 1:2|  Very poor sensitivity [20]
4-Chloroisonitroso Ag(l), Ni(l1), [21]
acetophenone 400 7.5-85 0.2-20 2518 1:2 Co(ll),,Pb(Il),Cd(I)Cyanide,Tartarate and
thiosemicarbazone. EDTA interfere, less sensitive
4-hydroxy  benzaldehyde thi 0.06354- . . -
semicarbazone 370 6.5 1272 16347 1:2 Highly sensitive PM

: a. Metal ligand. b. Present method

Table-3: Determination of copper in ground water and in indwstrial waste water samples

Sample Added pg/mll  found pg/mL  Recovery|% GF-XA§/mL
Ground water 15.0 L 451701*’0': 98.7 5.340.2
Industrial Waste wter (1 15.0 ;ggigg 96 75.6+1.8
Industrial waste water(2 15.0 gggii 94 67.8£1.2

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

Application of magnetite nanopatrticles for heavy mt&al removal from waste water:
Development of novel and cost effective nanomatefa@ environmental remediation, pollution detentand other
applications has attracted considered attentioeceRt advances suggest that many of these issumsing water
quality could be resolved or greatly ameliorateshgisianoparticles, nanofiltration or other produstsulting from
the development of nanotechnology (22-23).

Toxic metal ions Cr (l11) ,Co (II), Ni(ll) , Cu ()} Cd (l1), Pb (I) and bacterial pathogens (Esattea coil ) from
water were removed by magnetite nanoparticles fomalized with carboxyl ( Succinic acid) , aminghigene
diamine) and thiol (2,3-dimercaptosuccinic acidgups. "These nanoparticles were prepared by Sihgh(24).

carboxy methyB-cyclodextrin modified F®, nano particles ( CRCD-MNPs) were synthisised and used for
removal of copper ions from aqueous solution byrBddoza etal. (25). The characteristics resultS8TdR, TEM,
TGA and XPS show that CM-CD is grafted on to Reo, nanoparticles. The grafted CMECD on the Fep,
nanoparticles contributes to an enhancement addserption capacity because of the strong abildfeee multiple
hydroxyl and carboxyl groups in CBCD to absorb metal ions. The adsorption of Cudil)to CMCD-MNPs was
found to be dependent off and temperature. The thermodynamic parametersiréwe feasibility, spontaneity and
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exothermic nature of the adsorption process. FTNR &PS reveal that Cu (Il) adsorption on to CMCD-REN
mainly involves the oxygen atoms in  ObED to form surface complexes. In addition, thegmmpions can be
desorbed from CMCD-MNPs by citric acid solution@6.2% desorption efficiency and the CMCD-MNPsibith
good recyclability.

The development of humic acid ( HA) coated(zeanoparticles (Re/ HA) by Lieu et al.(26) were used for the
removal of toxic cations such as Hg (Il),Pb (I @) and Cu(ll) from water. Reo, / HA were prepared by the co-
precipitation method. TOC and XPS analyses showatthe as prepared J6¢HA contains ~ 11 %( w/w) of HA
fractions abundant in O and N-based functional gsolTEM images and laser particle size analysisatedethe
Fe;0/HA (WITH ~ 10nm Fego, cores) aggregated in aqueous suspensions to fogmregates with an average
hydrodynamic size of ~ 140nm. Sorption of the hematals to Fg, / HA reached equilibrium in less than 15
minutes and agreed well to the Langmuir adsorptiodel with maximum adsorption capacities rangimgrfrd5 to
100mg/g. The F@,/ HA was able to remove over 99% of Hg(ll) and Pbghd over 95% of Cu (IlI) and Cd (ll) in
natural and waste water at optimizét.p

CONCLUSION

In this study it was shown that Thiosemicarbazonesld be used as a ligand for the Spectrophotometri
determination of copper metal ions. The methodxileed in this paper are applicable for the rapigcise and
reliable determination of trace amounts of Copperwater and in industrial waste water. The preseathod is
compared with other spectrophotometric methodgHerestimation of copper. The use of magnetite partizles

as adsorbents in waste water treatment providesnaeaient approach for separating and removinghiesy
metals from waste water. Among the main advantagfeshese nanomaterials is the possibility of swefac
modifications with different organic or inorganioating agents to allow the removal of a wide ran§deavy
metals with specificity .However, the applicatioh tbese methods is still limited in the early stag®ed more
research in the field is certainly necessary.
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