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ABSTRACT

A simple, sensitive and sel ective extractive spectrophotometric method was
developed for the determination of Cu (I1) in variouswater and alloy samples
using newly synthesized reagent 2,2’-{ethane-1,2-diylbis[nitrilo-
methylylidene] } bis(4-bromophenoal). Cu (11) formsagreen colored complex
with 2,2’-{ethane-1,2-diylbis[nitrilo-methylylidene] } bis(4-bromophenol) in
acetate buffer medium (pH 6) which increases the sensitivity and complex
was extracted into chloroform. Under optimum conditions the maximum
absorption of the chloroform extracts were measured at 602nm. Beer’s law
was obeyed intherange of 0.4 to 5.0ug mL* of Copper. Themolar absorptivity
and Sandell’s sensitivity of the complex were as 0.12x10? | mol* cmt and
2.438ug cmr?respectively. The detection limit wasfound to be 0.044ug mL 2.
The detailed study of various interfering ions made the method more
sensitive. The method was successfully applied for the determination of Cu
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INTRODUCTION

Metd works, semiconductor, copper industriesand
mining industrial wastewater streams, contain heavy
metals, which areof great environmental concernand
must be removed prior to water discharge or water
recycling*2. Copper isboth vital and toxic for many
biological systemsdepending onitsconcentration®4.
Thus, the determination of trace amounts of copper is
becoming increasingly important because of thein-
creased interest in environmenta pollution®™. Hameand
graphite furnace atomic absorption spectrometry and
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spectrophotometric methods provide accurateandrapid
determination of copper in natural water and waste
water®, Severa andytica techniqueshave been moni-
tored for the determination of copper (11), they include
atomic absorptionspectrometry!” 4 voltammetry(*>17
spectrophotometry!®2% inductive coupled plasma-
atomic emission spectrometry?-%l and inductive
coupled plasma-mass spectrometry!?!. Spectropho-
tometry still represents an attractive techniquefor the
determination of metal ionsin aqueous mediabecause
of itssmplicity, beinginexpensveandisreadily avail-
able®!, Therefore, Extractive spectrophotometry26-01
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waschosenfor thisinvestigation.

Theam of thepresent work isprovided facile, sen-
sitive and selective extractive spectrophotometric
method for the determination of trace amountsof Cu
(1) inwater and dloy samplesof sgnificant importance.
Here authors successfully synthesised new analytical
reagent 2,2’-{ethane-1,2-diylbis[nitrilo-methylylidene] }
bis(4-bromophenal) for thedetermination of Cu(ll) in
water and dloy samples.

EXPERIMENTAL

Reagents

All reagent used were of analytical reagent grade.
Doubledistilled water was used throughout the experi-
ment. A stock solution of Cu (I1) (1x102 M) waspre-
pared by dissolving 3.9295g of CuSo,.5H,0O(E-Merck,
Germany) indoubledistilled water containing afew
dropsof concentrated sulfuric acid in 1000mL stan-
dard flask. Cu (I1) working standard stock solutions
was prepared freshly by appropriatedilution of thestan-
dard stock solutionwith doubledistilled water. 0.1 M
of 2,2’-{ethane-1,2-diylbis[nitrilo-methylylidene]}
bis(4-bromaophenol) was prepared by dissolving 4.261g
of 2,2’-{ethane-1,2-diylbis[nitrilo-methylylidene]}
bis(4-bromaophenol) in 200mL of methanol. Thissolu-
tionisfurther diluted, when ever necessary required
concentrationwith doubledistilled weter.

Buffer solutions

Buffer solutionsof pH 3-6 and 6-10 were prepared
by mixing appropriateratiosof a0.50M aceticacid and
0.50mal L-* of sodium acetatesolutionand 0.10mol L2
sodium dihydrogen phosphate solution and 0.10mol L
dipotass um hydrogen phosphate solution respectively.

Apparatus

AHITACHI U 2001 spectrophotometer with 1.0cm
matched quartz cells were used for al absorbance
measurements. An Elico Li-129 modd pH meter with
combined glass electrode was used for all pH
measurements.

Synthesis of 2,2’-{ethane-1,2-diylbig[nitrilo-
methylylidene] }bis(4-bromophenal)

5-bromo-2-hydroxybenza dehyde and ethane-1,2-
Hnalytical CHEMISTRY o

OH
H,oN NH,
o s \__/
Br ethane-1,2-diamine
H
5-bromo-2-
hydroxybenzaldehyde

40°-50°C
reflux

OH HO
/©/\§N NQD\
Br \_/ Br
2,2'{ethane-1,2-diylbis[nitrilo(E)
methylidene]}bis(4-bromophenol)

Scheme 1 : Synthesis of 2,2’-{ethane-1,2-diylbignitrilo-
methylylidene] }bis(4-bromophenal)

diamine take equimolar ratio added methanol were
refluxed for 1 h, and the contentswere cooled to room
temperature for separating the formed yellow solid
product was filtered, washed with water, dried and
recrystallized from hot agueous methanol (m.p. 174°C-
178°C, 89%yield asshownin Scheme1). Theband at
3490cm* isdueto the—OH group and absorption bands
at 1593cmrare dueto the C=N group of reagent.

Procedure

To an aliquot of working standard solution
containing 1-100uL istakeninto 50mL separating
funnel, 5mL of acetate buffer solution (pH 6.0), 2mL
of reagent solution and salting out agent 0.1 M
magnesium sul phate were added. The mixture was
shakenwith 5.0mL portionsof chloroformfor 30sand
allowed to stand for few minutes. The organic phases
are collected and made up to 25mL with chloroform
and absorbance was measured at 602 nm against the
corresponding reagent blank and the calibration graph
was constructed.

Procedure for the determination of Cu (Il) in
natural water samples

Different water samples (tap water, river water,
spring water) were collected from variousplacesinand
around Tirupati,A.P, and India. Thesamples (150mL.)
werestored at 0-5°C inmeta freepolyethylenebottles.
Water sampleswerefiltered through Whatman filter
paper no.41 and clean solutioniscollected into 250mL
beaker. The contentsare diluted up to the mark with
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TABLE 1: Comparison of thepresent method with other spectr ophotometric methodsfor thedeter mination of copper

A/ Optimum Beer’slaw Molar
Reagent Max P validity absorptivity/l  M:L Remarks Ref
nm  pHrange 1l
range, ppm mol™ cm
i - i Ag(ll), Ni(11), Co(ll), Pb(I1),
4-Chloroisonitroso-acetophenone 44, 7585 220 2518 1:2 Cd(l1).Cyanide, Tartarate and 26
thiosemicarbazone : o
EDTA interfere, less sensitive
2-Carboxybenzaldehyde 346 0.5-5.0 12000 1:1 Lesssensitive 27
thiosemicarbazone
- Interference no. of metal ions
8-Methoxy-2-chloroquinalin-3- . g4 3.0 0.0026768  1:1 and poor senstivity and 10
carbal dehyde Thiosemicarbazone o
selectivity

_2,4-I_)|hydroxy benzophenone 20 0.063-2.550 0.0165 11 Less sensu'tlve more reagent 29
isonicotinoyl hydrazone consumption
2,4-Dihydroxy benzophenone 40 0.31-2.20 0.0155 Less sensitive 28
benzoic hydrazone
2,2’-{ ethane-1,2diylbig[nitrilo- ) 2 Selective and Inexpensive Present
ethylylidene]} bis(4-bromophenol) 602 6.0 0.4-5.0 0.12x10 reagent method

TABLE 2: Determination of Cu (I1) in water samples
Proposed method

Sample a
P Coi)l%ermiqu ed Egl::f 1 Recovery (%)?

- 0.59 -
Lake water” 1.0 1.59 98.0+0.23
1.40 1.99 99.2+0.07

- 0.19 -
River water” 0.60 0.79 98.3+0.07
1.0 1.19 98.0+0.27

- 0.38 -
Spring water” 0.60 0.98 98.3+0.09
0.80 1.18 98.7+0.06

Sea Water®

- 0.39 -
Upper level 0.80 1.19 97.5+0.20
1.20 2.39 99.1+0.06

- 0.59 -
Lower level 1.0 1.59 99.0+0.18
1.40 1.99 99.2+0.51

- 0.58 -
Polluted water” 0.90 1.48 98.8+ 0.16
1.20 1.78 98.3+0.07

an=>5, ® Collected around Tirupati area, Collected form Bay of

Bengal

doubledidtilledwater. 15mL of thissolutionisfurther
diluted to get working solution for determination of Cu
(I asdescribed in above procedure. Theresultswere
summarizedinTABLE 2.

Procedurefor thedetermination of Cu (I1) in sea
water samples

100mL of seawater wastaken from Bay of Bengal
near Sullurpet, Neloredist, A.P, Indiaand spiked with
known amounts of metal ion. The pH of the sample
was adjusted to pH 6 with acetate buffer asreportedin

literature. Themetal ion present in the seawater was
andyzed from aforesaid procedure. Theandytica data
waspresentedin TABLE 2.

Procedurefor thedetermination of Cu (11) in alloys
samples

The proposed method is applied for the
determination of Cu(ll) in standard aloys such as
AluminiumAlloy (BCS 19¢e) and Copper BaseAlloys
(BCS 207 and 179). About 0.1g of alloy samplewas
dried(110°C)and dissolvedina15mL of aguaregia,
They are heated to near dryness and the nitrate is
expelled fromtheresdue, using 5mL of concentrated
HCI. Each residue is twice extracted in to double
distilled water and made up to 100mL separately.
Suitablevolumesof these solutionsaretaken and, using
therecommended genera procedure, areanaysed for
Cu (I). Theprocessisrepeated four timeswith each
sample, and the average va ue obtainedisnoted. They
arepresentedin TABLE 3.

RESULTSAND DISCUSSION

Cu(ll) reactswith 2,2’- {ethane-1,2-diylbis[nitrilo-
methylylidene]} bis(4-bromophenal) toform agreen
colored complex inbuffer of pH 6.0 and complex was
extracted into chloroform. The organic extract shows
amaximum absorption at 602nm, theformation of the
complex and it’s extraction in to chloroform is
instantaneous. The complex is stablefor morethan 6
daystheconditionsfor effectiveextractionareimproved
by studying the effect of variousfactors such aspH,
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Figurel: (A) Absorption spectraof Cu(l1)- 2,2’-{ethane-1,2-
diylbignitrilo-methylylidene] }big(4-br omophenol) complex vs
Reagent blank, (B) absor ption spectra of 2,2’-{ethane-1,2-
diylbig nitrilo-methylylidene] }big(4-br omophenal) chlor oform
blank

Figure 3 : Ringbom plot of Cu (1) - 2,2’-{ethane-1,2-
diylbig nitrilo-methylylidene]} bi(4-br omophenal) complex
reagent concentration, choice of solvent and salting out
agent, influence of diverseionsin order to enhancethe
sensitive and rapid extraction spectrophotometric
method for thedetermination of Cu(ll) inpg level. The
complex formation reaction between Cu(ll) with 2,2’-
{ ethane-1,2-diylbis[nitrilo-methylylidene] } bis(4-
bromophenol) hasbeen studied in detailed.

Absor ption spectra

Under experimenta condition, theabsorption spec-
tra of the 2,2’-{ethane-1,2-diylbis[nitrilo-methyl-
ylidene]} bis(4-bromophenol) and Cu (11) -2,2’-
{ ethane-1,2-diylbig nitrilo-methylylidene]} bis(4-bro-
mophenol) complex were scanned against the reagent
blank. Similarly, the absorption spectrum of thereagent
isrecorded against the sol vent as blank. The absorp-
tion spectraof both the reagent and the complex are
showninfigure 1. The spectraobtained reved that the

Hnalytical CHEMISTRY o

Effect of pH

Figure2: Effect of pH on theabsorbance of Cu (1) - 2,2’-
{ethane-1,2-diylbig nitrilo-methylylidene]}bis(4-bromophe-
nol) complex

[Cu(ll) 2,2°- {ethane-1,2-diylbis[nitrilo-methylylidene]}
bis(4-bromophenol)] complex gave an absorbancesat
602nm respectively.

Analytical parameters

Beer’s law was obeyed in the concentration range
0.4t0 5.0ug mL*of Cu (I1). The molar absorptivity
and Sandell’s sensitivity of complex at pH 6.0 was
calculated as 1.24x10“* M and 2.438ug cm
respectively. The correlation coefficient (r) for the
experimental datais0.9996.

Effect of reagent concentration

To a series of 25mL separating funnels, each
containing 1mL of Cu(ll) solution (0.01M), 5mL of
buffer solution (pH 6.0) were added different volume
of thereagent solution and extracted with chloroform
to obtainthemaximum color formation. Theabsorbance
of each solution was measured at 602nm against a
reagent blank. From theexperimentd observationit was
found that beyond aten-fold excess of thereagent, the
absorbance remained almost constant. Hence, for
further studies, 2mL of the reagent wasrecommended
for compl ete col or devel opment.

Effect of solvent

Extraction for Cu(ll)- 2,2’-{ethane-1,2-
diylbig[nitrilo-methylylidene]} bis(4-bromophenol)
complex istested in various organic solvents such as
toluene, benzene, xylene, n-butanol, 1-amylalcohal,
dimethyl formaldehyde, CCl,, chlorobenzene,
cyclohexaneand chloroform. Amongthevarioussolvent
studieschloroform was sel ected asthe suitabl e sol vent
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TABLE 3: Determination of Cu (I1)in standard alloy
samples

Amount of
. Cu(1)®found, %
0 _Cu(il)"found, %
Alloy composition,% Cartified -
Found
value
Aluminium Alloy (BCS 78)Cu, 4.53; °Zn,19; 453 4.49
Fe, 0.28; Mn,0.69; Si, 0.73; Mg, 0.75. ’ ’
Copper base alloy (BCS 207)Cu, 86.84; Sn,
9.8; °Zn, 2.53; °Pb, 0.4. 8684  86.60
b .
Copper base alloy(CS 174) Cu, 58.8;”Zn,33.9; 58.8 58.62

Sn,1.75; Al,1.62; Mn, 1.03; °Ni, 1.01; Fe,0.91.
3Average of four determinations. "M asked with thiocyanate.
‘M asked with citrate

for the extraction of Cu(ll)- 2,2’-{ethane-1,2-
diylbig[nitrilo-methylylidene] } bis(4-bromophenol)
complex, because of it’s maximum absorbance and
greater extraction ability dueto polarity.

Physico chemical propertiesof 2,2’-{ethane-1,2-
diylbignitrilo-methylylidene] }bis(4-bromophenol)

2,2’-{ethane-1,2-diylbis[nitrilo-methylylidene]}
bi s(4-bromophenol) being aye low color solid, easily
solublein Methanol. The spectraof 2,2’- {ethane-1,2-
diylbig nitrilo-methylylidene]} bis(4-bromophenal) in
different pH areshowninfigure 2. At phosphate buffer,
dark orange, instability and maximum absorption at
480 nm, corresponding to the protonation appears
and disappears. According to the absorbance of the
reagent at 528nm, the dissociation constant of 2,2’-
{ ethane-1,2-diylbig nitrilo-methylylidene]} bis(4-bro-
mophenol) was measured to be 1.11x10® by poten-
tiometrictitration.

Detection limit, precision and accur acy

The precision and accuracy of the proposed
method, determinationsare carried out for aset of ten
measurement of 1.5ugmL of Cu(ll) , under optimum
conditions. Calculations revea that the standard
deviation of themethodis0.0023ug mL-1 and standard
error is0.0026. these valuesindicatethat thismethod
hasthe highest accuracy and precision.

Ring bom plot for [Cu (I1)-2,2’-{ethane-1,2-
diylbignitrilo-methylylidene] }big(4-bromophenal)]
complex

Ringbom’s plot is the established standard adopted
to know the optimim range of concentration for a
system that obeys Beer’s law. The plot is drawn

—— Fyll Peper

TABLE 4 : Tolerance limits of foreign ions on the
deter mination of 50pgL*Cu(ll)ion

Foreign ions[Cu(ll) 2,2°-{ethane-1,2-

Tolerance limit diylbisfnitrilo-methylylidene]}bis(4-

(gL bromophenol)]
50,00 Na'
1000° ca*,sr**, Ba® Br* Mn?
500" Si0s%,CO%5 K" cr¥zn?
200° Pb*Fe?* sn?
100 Co*" Fe* Pb*
50 Ni%*,Co® I",CN’

aCan be masked up to 10.000ug I* by the addition of 2mL of
EDTA, thiosulfate, cyanide. ®Can be masked up to 5000ug I* by
the addition of 2mL of 2%citrate solution. Can be masked up to
800ug I* by the addition of 1% thiocyanate

between log C of Cu(ll) and (1-T) (where T isthe
transmittance). The plot hasasigmoid shapewith a
linear segament at i ntermedi ate absorbance values
(0.3-0.8) and concentration values (2.0-3.6ug cm),
The slop of the Ringbom plot from figure 3is0.720.
Hence, the ratio between the relative error in
concentration and photometric error is 3.024, for a
concentration of 0.03024, for the percent photometric
error.

Effect of salting out agent

Various salting out agents such aslithium nitrate,
thorium sul phate, magnesium sulphatelithiumchloride,
and ammonium chlorideand ammonium sulphatewere
used for the enhancement of the metal complex
extractioninto theorganic phaseinasinglestep. Itis
observed that the presence of 1.0mL of 0. 1M
magnesium sul phate solution ensure the complete
extraction .The agueous phases is tested for the
compl ete extraction of Cu(ll) by using chloroform,
disclosing that thereisno Cu(ll) content inthe aqueous
phase. It isestablished that 1.0mL of 0.1 M magnesium
sulphateassdting out agent and aten-fold molar excess
of thereagent quantitatively extracts Cu(ll) into organic
phase.

Effect of foreign species

Several anionsand cationswerestudiedin detail.
TABLE 3summarizesthetolerancelimitsof interfering
ions in the determination of 50ug It Cu (I1). The
tolerancelimit wastaken astheamount causing an error
of +2 % at the peak height. The results are shown in
TABLEA4.
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Application of theextractive spectrometricmethod
for the determination of Cu (I1) with present
method

The proposed extractive spectrophotometric
method for the determination of Cu (I1) has been
employed for water and alloy sampleswere presented
inTABLE 2 theobtained theandyticd datasummarised
in TABLE 3 suggest that the percentage recovery of
Cu(ll) fromwater and dloy samplesrangefrom 95.0%
t0 99.8% whichismorereliableand sensitive method.

CONCLUSIONS

The proposed extractive spectrophotometric
methodissample, highly sensitiveand selectivefor the
determination of Cu (I1) in water and alloy samples.
Thelimit of detection of the proposed method issuperior
to other methods. Proposed method ishighly sengitive
dueto the stabilization of colored complex for more
than 12 hformed by interactions of themetal ionwith
newly synthesized reagent.
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