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A Novel Extractive Spectrophotometric Method for The
Determination Of Chromium In Water Samples
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Abstract: m-hydroxy benzyl ethylene diamine synthesized by the author in the laboratory has been successfully
used as a reagent to form complex with chromium metal in water samples. The estimation of chromium present
in various water samples has been carried out by spectrophotometry. Other parameters like effect of pH, reagent
concentration, choice of solvent, effect of interference ions has been studied. . This method is simple, sensitive
and accuracy comparable with other existing extractive spectrophotometric methods for the determination of
Chromium in various water samples.
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I Introduction

Chromium plays an important physiological role in all animals including human beings. Chromium is
present in many pharmaceutical samples and in airborne particulates, causing environmental pollution. The
concentration of Cr in natural waters is very low [1,2]. The determination of chromium in water is also of
considerable interest. Cr(lI1) is an essential component having an important role in the glucose, lipid and protein
metabolism, while Cr(VI) has a definitely adverse impact on living organisms. Cr(VI) can easily penetrate the
cell wall and exert its noxious influence in the cell itself, being also a source of various cancer diseases [3,4].
One of the routes of Cr incorporation into the human body is by ingestion [5,6]. Several analytical methods have
been developed in order to separate and determine Cr(l11) and Cr(VI) species in water samples [4,5]. Various
preconcentration procedures for the determination of chromium have been reported [6-10, 12-16], including,
among others, chelation, precipitation, co-precipitation, liquid-liquid extraction and ion-exchange.
Revanasiddappa etal [11] developed a rapid and sensitive spectrophotometric method for the determination of
trace amounts of chromium(V1). The method is based on the oxidation of trifluoperazine hydrochloride (TFPH)
by chromium(V1) in the presence of orthophosphoric acid. Spectrophotometric determination of chromium(VI)
as the familiar blue chromium-peroxo complex is well known [ 8,9]. In the present study, the author used m-
hydroxy benzyl ethylene diamine which is synthesized in the laboratory for successful application for the
determination of chromium in various water samples.

1. Experimental
All starting materials required for the preparation of the reagent were of analytical reagent grade. All
the solvents used were double distilled before use. These included chloroform, methyl isobutyl ketone, carbon
tetrachloride, benzene, n-butyl alcohol, amyl alcohol, dimethylformamide and ethyl alcohol. Reagents, standard
solutions of metal ions and various other solutions required in the present investigations have been prepared
daily by following the standard procedures.

2.1. Procedure for the Synthesis of ligand

1.0 g of m-hydroxy benzaldehyde was dissolved in 25 ml of double distilled water and mixed in a flask
with 1.0 g of 4-amino benzoic acid and refluxed for 3 hours. A pale yellow colored crystal product was appears.
Filtered the product and dried at room temperature. Finally the product was recrystallized by using ethanol. The
resulting product has melting point of 165°C and the yield was 80-90%. The above reaction was shown in Fig.1.

NH,
OH
reflu CH==-~ COOH
+ _SIH_>L
HO

CHO COOH

Fig.1. Schematic diagram of m-hydroxy benzyl aminobenzoic acid

The reagent solution was prepared in forty percent dimethylformamide (aqueous) solution. This
reagent solution is stable for more than four hours. A digital pH meter, Model L1-120 (ELICO), with combined
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glass electrode assembly was employed for reckoning pH studies. The sensitivity of the instrument was + 0.001
pH units. A Systronics UV-VIS double beam Spectrophotometer model 118 with 1.00 cm optical path quartz
cells was employed to carry out the spectrophotometric studies.

1. Results and discussion
Chromium reacts with m-hydroxy benzyl ethylene diamine and forms a blood red colored complex at
pH 6.5. The complex has a maximum absorbance at 550 nm. The complex is stable for more than four hours.
Hence, a detailed study of the extraction of chromium with m-hydroxy benzyl ethylene diamine has been
undertaken with a view to develop a rapid and sensitive extractive spectrophotometric method for the
determination of chromium in various water samples.

3.1 Absorption Spectrum

1.0 ml of chromium solution containing about 87.5 pug of metal ion was transferred into a 25 ml
standard flask and to it, 3.0 ml of buffer (pH 7.0), 2.0 ml of 0.5M m-hydroxy benzyl ethylene diamine solutions
were added to it and the volume of the aqueous phase was made up to 10.0 ml with double distilled water. The
absorption spectrum of the reagent complex is shown in Fig. 2. Maximum absorbance is observed at 550 nm and
hence, all further absorbance measurements of the complex are made at 550nm.
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Fig.2. Absorption spectrum of m-hydroxy benzyl ethylene diamine - chromium complex

Choice of solvent
Various organic solvents such as MIBK, n-butanol, Benzene, Chloroform, Carbontetrachloride, Ethyl
acetate, etc, were used for the extraction of reagent-metal complex. Maximum absorbance was obtained for
Methyl Iso Butyl Ketone (MIBK). Hence, MIBK solvent was chosen for further investigations.

1.2, Effect of pH

The effect of pH on the formation of chromium-m-hydroxy benzyl ethylene diamine complex was
studied by keeping 1.0 ml of 0.5 M chromium solution and 2.0 ml of 0.5 M m-hydroxy benzyl ethylene diamine
solution constant and varying the pH values of aqueous phases from 2.0 to 9.0 using suitable buffer solutions and
the values are shown in Fig.3. As maximum absorbance is obtained with sodium acetate-acetic acid buffer at pH
6.5 further studies are continued keeping 6.5 as the optimum pH.

Absorbance

Fig.3. Variation of absorbance with pH for m-hycroxy benzyl ethykene diamine - chromium complex

1.3. Effect of reagent concentration

The effect of the reagent concentration has been studied by using different solutions containing 1.0 ml
of chromium solution and 3.0 ml of pH 6.5 buffer solutions. To these solutions 1.0 ml of the reagent solution
containing varying concentrations from 0.5M to 4.0 M was added to get maximum color formation. Maximum
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absorbance value was obtained at 0.5 M which as seen from Fig. 4. Hence, a 0.5 M of the reagent solution is
maintained for all further experimental studies.
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1.4 Interference of non-target ions

The effect of various species on the determination of chromium was investigated. The
tolerance limit was taken as the amount that caused +2% absorbance error in determination of 2.0 ug
ml-1 of chromium. The results are shown in Table.1.

Table.l. Effect of foreign species

Tolerance limit
Species [ng mi™]
EDTA 520
Na', Mg”*,CI", NO;, F, CHCOO, COy”, K™ | 230
Ba®*, SO,%, CN", SCN", Tartarate 80
PO, AFFF, Cd*, NO, * 60
Cu®*, Ni**, Co*", Ca™* 14
Zn*, Pb**, SO5>, NO3, As* 12
Fe’" s 5

#Can be masked with 1 ml of 2 % sulfamic acid.
1.4. Sensitive and Molar Absorptivity

The molar absorptivity of the complex was calculated to be as 2.14x10* lit mol cm™ and the Sandell’s
sensitivity of the complex was  2.672x10° cm?pug.
3.7.Stability of the Color Reaction

The absorbance values of chromium-m-hydroxy benzyl ethylenediamine complex were noted at
different intervals of time at 560 nm. It was observed that the absorbance remained constant up to four hours.

V. Applications of the developed method

The proposed method was applied for the determination of chromium in water and industrial effluent samples.
Procedure

Transfer a sample aliquot, 1-10 ml of solution containing up to 50ug chromium, to a 125 ml separatory
funnel. Add 1.0 ml of 2.0 M sulfuric acid and sufficient water to reach a final volume of about 10 ml. Add 10
ml of MIBK. Cool the funnel and its contents in an ice water bath at 10°% for 30 min. All reagents added
beyond this point are also cooled to 10°C. Add 2.0 ml of 3.0 % (v/v) hydrogen peroxide. Shake the funnel
vigorously for 30 s, allow for layer separation, and discard the aqueous phase. Add 5 ml 0.01% (w/v) reagent.
Again extract for 30 s, allow for layer separation, and discard the aqueous phase. Transfer the organic phases to
a 25 ml volumetric flask, warm to room temperature, and add sufficient additional MIBK to achieve a volume of
exactly 25 ml. Measure the absorbance of this solution against a reagent blank prepared in the same manner but
containing no chromium.

4.1. Analysis of water samples

Samples were collected from industrial areas in and around Tirupati. Pre-treatment of waste water
samples was done, as per the standard procedure, and analysed for chromium by the present analytical
procedure. The results are shown in Table.2.
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Table.2. Determination of chromium in various water samples

Chromium Proposed method
Sample il)dded (ng ml Found® (I?)/e;(;gvery
- 0.32+0.02 | -
Drinking 0.8 1.10+0.04 | 98.20
water” 1.2 1.44+0.03] 94.73
1.8 2.09+£0.01| 98.58
Natural - 0.46+0.02 | -
water® 1.0 1.42+0.01| 97.26
15 1.90+0.04 | 96.94
Polluted - 0.18+0.04 | -
water® - 0.26 +0.02 | -
Bore  well| - 0.80+0.06 | -
water® 1.2 1.95+0.02 | 97.50

a) Mean + standard deviation (n=6), b) Collected from municipal water supply, Tirupati, ¢) Collected
from Swarnamukhi river, Srikalahasti, A.P, India. d) Collected from Renigunta Industrial area, A.P., India,
e) Collected from In and Around Tirupati.

The estimation of chromium in different samples is done with the present reagent as well as with
another standard reagent Ethylene diamine and the values are compared in Table 3. The results very well show
the suitability of the developed reagent for extraction and estimation of chromium in water samples in an
accurate manner.

Table 3. Comparision of present method with standard method

Sample Standard method® | Present Recovery (%)
method

Drinking water” 0.39 0.35+£0.02 90.00

Natural water® 0.48 0.46 +0.02 96.00

Polluted water® 0.26 0.19+0.04 73.00

Bore well water® 0.88 0.80+0.06 91.00

a) Using Ethylene diamine procured from local market, b) Collected from municipal water supply,
Tirupati. c) Collected from Swarnamukhi river, Srikalahasti, A.P., India. d) Collected from Renigunta
Industrial area, A.P., India. e) Collected from In and Around Tirupati.

V. Conclusions

A thorough literature survey revealed that many reagents were used for the determination of chromium
in various samples. But the studies on the use m-hydroxy benzyl ethylenediamine as an analytical reagent are
limited. Hence, the present investigations were carried out with m-hydroxy benzyl ethylene diamine
as a complexing agent for chromium determination in various samples by spectrophotometry. The method has
good sensitivity and accuracy comparable with other existing extractive spectrophotometric determination
methods. Finally, the developed method can be conclusively declared for the determination of chromium in
various water samples.
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