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Abstract: Afacile, sensitive and selective extractive spectrophotometric method was de-
veloped for the determination of copper(Il) in various water and alloy samples using a
newly synthesized reagent, 3-methoxy-4-hydroxy benzaldehyde 4-bromophenyl hydra-
zone (3,4-MHBBPH). Copper(II) forms a orange colored complex with (3,4-MHBBPH)
in acetate buffer medium (pH 4) which increases the sensitivity and the complex was ex-
tracted into chloroform. Under optimum conditions, the maximum absorption of the
chloroform extract was measured at 462 nm. The Beer law was obeyed in the range of
0.20 to 4.0 pg ml™! of copper. The molar absorptivity and the Sandell's sensitivity of the
complex were 2.0520 x 10% mol"! cm™! and 0.2540 pg cm2, respectively. The detection
limit was found to be 0.0270 pg mL™!. A detailed study of various interfering ions made
the method more sensitive. The method was successfully applied for the determination
of Cu(Il) in water and alloy samples. The performance of the present method was evalu-
ated in terms of Student ' test and Variance ratio 'f" test, which indicate the significance
of the present method over reported methods.

Keywords: copper(1l), 3-metoxy-4-hydroxy benzaldehyde 4-bromophenyl hydrazo-
ne (3,4-MHBBPH), spectrophotometry, water and alloy samples.

INTRODUCTION

Copper is available in nature in the free state in the form of sulphides, chlo-
rides and carbonates. Copper is utilised in electrical industries and in industrially
useful alloys. Biologically copper is essential in small amounts for the synthesis of
haemoglobin. A deficiency of copper causes diseases such as anaemia, while an
excess of it causes "Jaundice" and "Wilson disease". As a pollutant, copper is of
particular concern because of its high degree of toxicity to aquatic organisms. In
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view of this, the separation and determination of copper from associated elements
is indispensable. Several analytical techniques have been monitored for the deter-
mination of copper(Il), they include atomic absorption spectrometry,!~8 voltam-
metry,?~1! spectrophotometry,!2-14 inductive coupled plasma-atomic emmission
spectrometry!5-17 and inductive coupled plasma-mass spectrometry.!8 A few re-
agents!9-31 are available for the spectrophotometric determination of copper(Il),
as shown in Table I. These reported reagent suffer from several disadvantages,
such as poor sensitivity, selectivity and a few require special conditions for the
formation of the complexes with the reagents and a few are commercial.

The aim of the present work was to provide a facile, sensitive and rapid extrac-
tive spectrophotometric method for the determination of trace amounts of cop-
per(Il) in water and alloy samples and other natural samples of significant impor-
tance. In this study, new analytical reagent 3-methoxy-4-hydroxybenzaldehy-
de-4-bromophenyl hyzdrazone (3,4-MHBBPH) for the determination of cop-
per(Il) in water and alloy samples was successfully sythesized.

EXPERIMENTAL
Synthesis of 3-methoxy-4-hydroxy benzaldehyde-4-bromophenyl hydrazone

Equimolar solutions of 3-methoxy-4-hydroxu benzaldehyde and 4-bromophenyl hydrazine in
aqueous medium were refluxed for 2-3 h, after which contents were cooled to room temperature, a
solid product separated. The solid was filtered, washed with water, dried and recrystallized from hot
aqueous methanol (m. p. 147 °C, 91 % yield as shown in Scheme 1).

H
|
CHO NH NH, C=N—NOBr
Reflux
+ E
CHs 2-3 hours CHs
OH Br OH

3-methoxy, 4-hydroxy benzaldehyde,

3-methoxy, 4-hydroxy  4-bromophenyl 4-bromophenyl hydrazone

benzaldehyde hydrazone

Scheme 1. Synthesis of 3-metohxy-4-hydroxy benzaldehyde 4-bromophenyl hydrazone.
Reagents

All reagent used were of analytical reagent grade. Double distilled water was used throughout
the experiments. A stock solution of Cu(Il) (0.01 M) was prepared by dissolving 2.505 g of
CuSO,4-5H,0 (Merck, Germany) in double distilled water in a 1000 ml volumetric flask. Copper(II)
working standard stock solutions were prepared freshly by appropriate dilution of the standard stock
solution with double distilled water. A reagent solution (0.1 M) was prepared by dissolving 0.393 g
of reagent in 100 ml of methanol. Acetate buffer was prepared by dissolving 8.2 g sodium acetate in
800 ml of water. It was adjusted to pH 4.0 with high purity glacial acetic acid and stored ina clean 1 1
metal-free polyethylene bottle.
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Apparatus

A Hitachi U 2001 spectrophotometer with 1.0 cm matched quartz cells was used for all the
absorbance measurements. An Elico Li-129 model pH meter with a combined glass electrode was
used for all the pH measurements.

Procedure

To an aliqout of working standard solution containing 1-100 pl in a 50 ml separating funnel
5.0 ml of acetate buffer solution (pH 4.0), 2.0 ml of reagent solution and salting out agent (0.1 M
magnesium sulphate) were added. The mixture was shaken with 5.0 ml portions of chloroform for
30 s and allowed to stand for few minutes. The organic phases are collected and made up to the mark
in a 25 ml volumetric flask with chloroform and the absorbance was measured at 462 nm against the
corresponding reagent blank. A 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 various
places in and around Tirupati, A. P., India. The sample (150 ml were stored at 0—5 °C in metal-free
polyethylene bottles. The water samples were filtered through a Whatman filter paper No. 41 and
the clean solution was collected into a 250 ml beaker. The contents were diluted up to the mark with
double distilled water. 15 ml of this solution was further diluted to obtain a working solution for the
determination of Cu(Il) as described in the above procedure and compared with the reported
method?® with statistical validation. The results are summarized in Table II.

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

100 ml of seawater was taken from the Bay of Bengal near Sullurpet, Nellore dist., A. P., India
and spiked with known amounts of metal ion. The pH of the sample was adjusted to pH 4.0 with ace-
tate buffer as reported in literature.32 The metal ion present in the sea water was analyzed by the pre-
viously described procedure. The analytical data are presented in Table II.

TABLE II. Determination of copper(Il) in various water samples

Sample Copper Proposed method Reported method??
added  poindga Recovery t-Test fTest Found® Recovery
pg ml! ug ml! %? pg ml-! %
Synthetic mixture 0.4 039 97.5+0.16 495 0.62 0.37 92.55+0.09
1.0 090 95.0+0.10 192 0.44 0.93 03.0+0.06
1.6 1.55  96.8£0.09 1.19 0.02 1.52 95.0+0.47
Lake water” - 0.38 - - 0.36 -
0.8 1.18 983+0.05 5.80 0.01 1.16 92.0+0.36
1.2 1.58  97.5£0.06 4.12 0.79 1.56 97.5+0.05
River water? - 0.39 - - 0.37 -
0.8 1.19  95.0+0.48 2.73  0.00 1.17 91.2+0.03
1.2 1.59  91.1£0.09 1.00 1.00 1.57 90.9+0.09
Springer water? - 0.19 - - 0.18 -
0.4 0.59 97.5+0.08 493 0.53 0.58 92.5+0.12
0.6 0.79 983+0.12 5.13 0.11 0.78 93.0+0.04
Sea water® Upper level - 0.59 - - 0.57 -
0.9 1.49 933+0.16 2.08 0.36 1.47 91.1+0.09
1.2 1.79  95.0+0.18 4.47 0.07 1.77 90.3+0.05

Lower level — 0.59 - - 0.58 -
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TABLE II. Continued

Sample Copper Proposed method Reported method?3

added  po ndga Recovery #Test fTest Found® Recovery

pg ml! pg ml-! %2 ug ml-! %
Lower level 0.9 1.49  95.5+0.07 193 0.08 1.48 93.3+0.23
1.2 1.79  95.840.09 0.68 0.62 1.78 95.0+0.06

Polluted water - 0.38 - 0.37 -
0.6 098 96.6£0.27 1.26 0.10 0.97 95.0+0.09
0.8 1.18 97.540.07 1.07 _ 0.16 1.17 96.25+0.18

3, =5, bCollected around Tirupati area, *Collected from Bay of Bengal, near Sullurpet, Nellore dis-
trict, A. P, India

Procedure for the determination of Cu(Il) in alloy samples

1 g of alloy sample was dissolved in a 10 ml of aqua regia and evaporated to the minimum vol-
ume, extracted with 10 ml of 2 M HNOj and then diluted with double distilled water to a suitable
volume (10 ml). This serves as the stock solution.The experimental solution was prepared by
pipetting out 10 ml of the stock solution into a 100 ml volumetric flask and the solution was made up
to the mark with distilled water. A known volume of this solution is placed in a 10 ml volumetric
flask and made up to the mark and analysed by the general procedure given previously.

RESULTS AND DISCUSSION

Copper(Il) reacts with 3,4-MHBBPH to form a 1:1 orange colored complex in
buffer of pH 4.0, and the complex was extracted into chloroform. The organic extract
showed a maximum absorption at 462 nm. The formation of the complex and its ex-
traction into chloroform are instantaneous. The complex is stable for more than 12 h.
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Fig. 1. Absorption spectra of Cu(Il)-3,4-MHBBPH complex system.
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Under the experimental condition, the absorption spectra of 3,4-MHBBPH
and the (Cu(Il)-3,4-MHBBPH) complex were scanned. Whereas 3,4-MHBBPH
exhibited an absorption maximum at 390 nm, the [Cu—3,4-MHBBPH)]2* complex
gave an absorption peak at 462 nm. The difference between the two peaks is 72 nm
and could obviously be distinguished. Thus, the absorption peak at 462 nm was
chosen as the maximum wavelength for Cu(Il)-3,4-MHBBPH, as shown in Fig. 1.

The Beer law was obeyed in the concentration range 0.20 to 4.0 pg pl~! of Cu(1I).

The molar absorptivity and Sandell's sensitivity of the complex at pH 4.0 was
calculated as 2.0520 x 104 1 mol~! cm~! and 0.2540 pug cm2, respectively. The
correlation coefficient (7) for the experimental data was 0.9998.

Effect of the reagent concentration

To a series of 25 ml separating funnels, each containing 1.0 ml of Cu?™ solu-
tion (0.01 M) and 5.0 ml of buffer solution (pH 4.0) were added different volumes
of the reagent solution and extracted with chloroform to obtain the maximum color
formation. The absorbance of each solution was measured at 462 nm against the re-
agent blank. From the experimental observation, it was found that beyond a
ten-fold excess of the reagent, the absorbance remained almost constant. Hence,
for further studies, 2.0 ml of the reagent was recommended for complete color de-
velopment.

Stoichiometry of the complex

On the basis of the Job's method of continuous variation as modified by Vosburg
and Cooper for two phase systems, the composition of the extracted species was

3
H—C=N—N—er
+ cu*
CH;
QH Acetate

buffer (pH=4.0+ 0.2)

Scheme la.
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found to be Cu?*: 3,4-MHBBPH = 1:1. The mole ratio of the method further con-
firmed the stoichiometry (Scheme 1a) of the complex as shown in Figs. 2 and 3.

Effect of solvent

The extraction of the Cu(II)-3,4-MHBBPH complex was tested in various or-
ganic solvents, such as toluene, benzene, xylene, n-butanol, 1-pentanol, dimethyl
formaldehyde, CCly, chlorobenzene, cyclohexane and chloroform. Among the
various solvent studied chloroform was selected as the most suitable for the extrac-
tion of the Cu(Il)-3,4-MHBBPH complex, because of its maximum absorbance
and greater extraction ability, due to its polarity.
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Fig. 2. Job's Continous variation method for the Cu(II)~(3,4-MHBBPH) complex.

Ringbom plot for the (Cu(1l)-3,4-MHBBPH) complex

The Ringbom plot is the established standard adopted to determine the optimum
range of concentration for a system that obeys the Beer's law. The plot is drawn be-
tween log ¢ of Cu(Il) and (1-7) (where T'is the transmittance). The plot has a sigmoid
shape with a linear segment intermediate absorbance values (0.60 to 2.20) and con-
centration values (0.8 to 2.80 pg ml-1). The slope of the Ringbom plot from Fig. 4 is
0.4562. Hence, the ratio between the relative error in the concentration and photo-
metric error 0.60 for concentration of 0.80 for 0.75 % photometric error.

Precision and acuracy

The precision and accuracy of the proposed method was evaluated by the good
results wthich were obtained by a reported method. The results are shown in Tables
II and II1. The good correlation between the two methods indicate that the present
method is more sensitive than the methods reported in the literature.29-33
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Detection limit

Under the optimum conditions, the detection limits for determination of

Cu(II) in various environmental samples was found 0.0270 pg ml-! for a 200 ml
volume of Cu(II) solution.
24

22

2

18 -

Absorbance
o

08 : o Fige 30 Mole ratio method for
"0 02 04 06 08 1 12 14 18 18 2 =22 theCu(~(3.4-MHBBPH)com-

Valume of Reagent Salution {mil) plex.

Effect of salting out agents

Various salting out agents, such as lithium nitrate, thorium sulphate, magne-
sium sulphate, lithium chloride, ammonium chloride and ammonium sulphate
were used for the enhancement of the extraction of the metal complex into the or-
ganic phase in a single step. It was observed that the presence of 1.0 ml of 0.1 M
magnesium sulphate solution ensures the complete extraction. The aqueous phases
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Fig. 4. Ringbom plot of Cu(II)~(3,4-MHBBPH) complex.
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was tested for the complete extraction of no copper(Il) using chloroform, and no
copper(Il) was found in the aqueous phase. It was established that 1.0 ml of 0.1 M
magnesium sulphate as salting out agent and a ten-fold molar excess of the reagent
quantitatively extracts copper(Il) into to the organic phase.

TABLE III. Determination of copper(Il) in alloy samples

Samples Standard Reference Sample Amount of copper(Il) found
Certified  Present Reported t-test  f-test
Value  method method??
1. Tin base white metal 3.50 3.5540.09  3.47+0.12 0.02  0.59
2. Devard's alloy 4790 47.90+0.07 47.88+0.07  0.58 1.00
3. BCs 180/2 67.12  67.1840.12  67.10+0.09  0.17  0.58
4. BAs 106 4.08 4.14+0.07  4.01+0.18 0.09 0.16
5. BCs 179/3 57.35 57.42+0.03 57.39+0.16 0.67  0.03
6. Gun metal 0.78 0.33+0.09  0.23+0.05 0.0l 0.42
=5

Effect of interfering species
Several anions and cations were studied in detail. Table IV summarizes the tol-

erance limits of interfering ions in the determination of 50 ug I-! Cu(II). The toler-
ance limit was taken as the amount causing an error of + 2 % at the peak height.

TABLE IV. Tolerance limits of interfering ions on the determination of 50 pg 1"! Cu(II) ion

Tolerance limit/ug 1! Interfering ions
>50000 K(I),Na(II),Ca(IT),Mg(II),C1",Br",PO53,C043,80 42, Al(TIT),Cr(IIT)
>10000 NO5,Zn(I1),Hg(ID)
>5000 Pb(II),Cd(II)
>800 Fe(IT),Fe(I1T),Mn(1T) Co(IT),Ni(IT)

aCan be masked up to 10000 pg 1'! by the addition of 2 ml- of EDTA, thiosulfate, cyanide. ®?Can be
masked up to 5000 pg 1! by the addition of 2 ml of 2 % citrate solution. “Can be masked up to 800
ug I'! by the addition of 1 % thiocyanate

Applications of the extractive spectrophotometric method for the determination of
copper(1l) by the present method

The results of the proposed extractive spectrophotometric method for the de-
termination of Cu(Il) in water and alloy samples are presented in Tables II and III.
The obtained results were compared with reported methods2%-33 in terms of Stu-
dent's 't' test and Variance ratio 'f-test. The analytical data summarised in Tables II
and III suggest that the percentage recovery of Cu(Il) from water and alloy samples
range from 92.5 to 97.2 %, which is more reliable and sensitive than the reported
methods.29-33
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CONCLUSION

The proposed extractive spectrophotometric method is simple, highly sensi-
tive and selective for the determination of Cu(Il) in water and alloy samples. The
limit of detection of the proposed method is superior when compared to reported
method.29-33 The method has additional advantages over the reported methods due
to easy preparation of complexation agent, high sensitivity of the very stable com-
plex, low consumption of the reagent and minimal interferences.

Acknowledgement: The authors are grateful to the Department of Biotechnology, S. V. Univer-
sity, Tirupati for providing the instrumental facilities.

Nn3BOJ

CITIEKTPO®OTOMETPUICKO OJIPEBMBAILE Cu(ll) Y BOJIU U Y3OPLIUMA
JIETYPA CA 3-METOKCHU-4-XUJIPOKCU-BEH3AJIIEXU-4-BPOMO-®EHMIT
XUIPA3OHOM (3,4-MHBBPH)

D. REKHA!, K. SUVARDHAN!, K. SURESH KUMAR!, P. REDDYPRASAD!, B. JAYARAJ? 1 P. CHIRANJEEVI!

! Environmental Monitoring Laboratories, Department of Chemistry, S. V. University, Tirupati-517502, A. P, India i
Department of Mathematics, S. V. University, Tirupati-517502, A.P., India

Y papy je omucaHa jefHOCTaBHA, CEJIEKTUBHA M OCETIHUBA CHEKTPOGOTOMETPHjCKA METOfIA
3a onpebuBame Cu(ll) y y3opumma Bopia u serypama. OapebuBame je 3acHOBaHO Ha Tpabemy
KOMIIJIEKCA Ca HOBOCHHTETUCAHMM 3-MeTOKCU-4-XujpoKcu-OeH3anexus-4-0poMo-penun xu-
npasoHoM (3,4-MHBBPH). Kommexc ce hopmupa y aneTHoM mydepy (pH 4), a HoOToM ekcTpa-
xyje ximopocgopmom. Na 4., = 462 nm, 3aBECHOCT abcopIyje off KOHIIEHTpanuje cIenu Beer-oB
3akoH y omcery of 0,20 — 4,0 pug/ml 6akpa. MonapHa a6cOpNTHBHOCT KOMIUIEKCA M3HOCH
2,052:10* 1 pg mol! cm!, a Sandell-oB mryexc 0,2540 pg cm2. T'pannmia geTexmuje m3rOCH 0,0270
pg/mL Gakpa. Mcnuran je ytunaj maTepdeprpajyhnx joHa y by nmoBehama OCeT/bIBOCTH
onpebuBama 6axkpa y y3opiyuMa Bofia 1 Jerypama.

(ITpumibeno 7. HoBemOpa 2005, pesupgupano 10. maja 2006)

REFERENCES

1. Seung-Hynuntee, Hu-Sennchoi, Bull. Korean Chem. Soc. 21 (2003) 1705

2. M. Soyak, Frensen's Environ. Bull. 7 (1998) 383

3. N. Pourreza, K. Ghanemi, Spectroscopy Lett. 39 (2006) 127

4. M. A. Taher, S. Z. M. Moberakeh, A. R. Mohamedesi, Turk. J. Chem. 29 (2005) 17
5.Y. Bakireioglu, D. Bakireiouglu, S. Akman, Anal. Lett. 37 (2004) 1937

6. V. K. Jain. S. S. Sait, P. Shrivastav, Y. K. Agrawal, Talanta 45 (1997) 397

7. A. E. Watson, Nucl. Active 30 (1984) 31

8. D. T. E. Hunt, A. L. Wilson, The Chemical Analysis of Water, The Royal Society of Chemistry,

Oxford 398 (1986)

9. M. Praveen Kumar, P. Chandra Mouli, S. Jayarami Reddy, Anal. Lett. 38 (2005) 463
10. C. L. Giancarlotorsi, Coll. Czech. Chem. Commun. 68 (2003) 1437
11. G. Gillain, G. Duyckarets, A. Disteche, Anal. Chim. Acta 106 (1979) 23
12. A. Asan, M. Andal, I. Isolidak, Anal. Sci. 17 (2001) 1125
13. J. Wei, N. Teshima, S. Ohno, T. Sakia, Anal. Sci. 19 (2003) 731
14. V. A. Jadhav, A. G. Vandre, J. Indian Chem. Soc. 68 (1992) 186
15.Y. Gub, B. Din, Y. Liu, X. Chang, S. Meng, Talanta 62 (2004) 209



31

16.

17

18.
19.
20.
21.
22.

23.

24

25.
26.
27.
28.

29
30
31
32
33

0 REKHA et al.

Y. Liu, P. Liang, L. Guo, Talanta 68 (2005) 25

. A. Ramesh, K. Ramamohan, K. Seshaiah, N. D. Jaya kumar, 4nal. Lett. 34 (2001) 219

J. W. McLaren, K. E. Jarnis, A. L. Gray, R. S. Houk, (Eds.), Handbook of Indusctively Coupled
Plasma-Mass Spectrometry, Blackie & Son Ltd., Glasgow, 226 (1992)

V. A. Jadhav, A. G. Vandre, J. Indian Chem. Soc. 72 (1995) 747

V. A. Jadhav, M. V. Keykani, J. Indian Chem. Soc. 69 (1992) 287

Y. S. Kudapali, M. Phil. Dissertation, Sri Krishnadevaraya University, Anantapur, A. P, India,
1996

M. Tongsen, L. Mung, H. Congde, L. Kurizhi, L. Zhenghao, Z. Daxuesuenao, Ziaru Kenuebau
31 (1999) 70

P. Lopez-de-Alba, L. Loper-Martinez, J. Amador-Hermandez, Bol. Soc. Chil. Quim. 44 (1999)
469

. J. M. Desai, K. K. Desai, Asan J. Chem. 11 (1999) 1313

H. Alexaki, G. S. Tzivanidon, L. Vasilikiotis, Microchem. J. 26 (1983) 308

A. Z. Patel, 1. J. Patel, J. Inst. Chem. (Indian) 72 (2000) 8

R. S. Lokhande, S. V. Poman, H. R. Kapadi, 4sian J. Chem. 13 (2001) 1222

V. Krishna Reddy, J. Thipaiah, C. Kesava Rao, P. Raveendra Reddy, P. T. Sreenivasulu Reddy, J.
Indian Chem. Soc. 76 (1999) 275

. O. Babaiah, Ph. D. Thesis, Sri Krishnadevaraya University, Anantapur, A. P., India, 1997

. B. K. Reddy, J. R. Kumar, K. J. Reddy, L. S. Sarma, A. V. Redey, Anal. Sci. 19 (2003) 731

. M. Jamaluddin Ahmed, I. Jahan, S. Banoo, Anal. Sci. 18 (2002) 805

. A. Ramesh, Ph. D. Thesis, S. V. University, Tirupati, 2001, 104

. M. S. Hemanth Kumar, P. Nagaraja, H. S. Yathirajan, Anal. Bioanal. Chem. 375 (2003) 315.



DETERMINATION OF Cu(Il) WITH 3,4-MHBBPH 301



302 REKHA et al.



