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ABSTRACT

Novel, robustic, simple, mobile and inexpensivehowteveloped for determination of Chromium in raitkl water
samples with three novel and facile ligands potassallyl xanthate, potassium isoamyl xanthate aothgsium
cinamyl xanthate in presence of MHNH,OH at pH 8.2 for Kaxan/Kixan and 8.6 for Kcxan. Tigands produce
catalytic hydrogen currents with Chromium at peakemtial -1.48 V vs SCE with Kaxan/Kixan and -1.8sVSCE
with Kcxan. In this paper, several experimentalgraeters have influence on the catalytic hydrogemewavhich
are study to optimize the experimental parametarslétermination chromium ion and this method waspared
with AAS method.
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INTRODUCTION

Chromium is found throughout the environment in &jon oxidation states: Chromium(0), Chromium(lifda
Chromium(VI)[1].The most stable form, Chromium(lll) occur intally in the environment, while Chromium(VI)
and Chromium(0) are generally produced by indugbriaces$2]. Chromium(V1) is known to be a strong oxidizing
agent. The trivalent and hexavalent states of Chnmmare the most biologically significant. Chromi(h)
compounds toxicity derives from it's ability to flife through cell membrane and oxidize biologicalenule [3].
Chromium in biological tissues is almost alwaysalent and helps to maintain the normal metabobi$mlucose,
protein and fat [2,4]. Chromium(VI) is highly toxim human and animals due to carcinogenic and reatag
properties [2]. Chromium compounds that are inhal@ee been linked with lung cancer, while thosegtgd cause
kidney and liver damage [5].

Toxicity of Chromium to plants depends on its vakenstate. Chromium(VI) is highly toxic and mobile,
Chromium(Ill) is less toxic. Chromium also causesletkrious effect on plant physiological processhsas
photosynthesis, water relations and mineral natrifb].

It is known that an increase in the content of @fiton in soil makes them infertile and that the ¢togifect depends
on the oxidation state of Chromium. On the otherthahe introduction of Chromium salts in to stiss been some
positive effects due to oxidation of some bio-cheahprocesses [7].

Milk is a complex, bioactive substance, optimalreeuof nutrition to promote proper growth and depehent of
infant mammals. In fact milk is ideal source forcno, macro elements and can be found even heavgis&l.
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Varieties of minerals are essential for health,eegdly during growth and old age and deficiencesl/or may
results in metabolic irregularities and pathologichanges. Chromium was essential trace elementsuiman
nutrition, for this reason, toxic elements neechédetected, measured and adequate concentraficssential
elements ensured. Hence the determination of Cluomin environmental and biological samples is great
importance.

There are many sensitive techniques for Chromiuteraenation such as ICP-MS [9-11], ICP-AES [13]saubtion
[14], NAA [15,16], UV-Visible [12-16], degradatioby photocatalyst [17] and AAS [18-19]. More overcBu
techniques are not available in many laboratorigscause, of cost the above instruments the resaarcre
interested in voltametric techniques. Voltametrgpplied in the present work in view the low ctsgh sensitivity,
mobile, rapid and easy to measure facilities.

MATERIALSAND METHODS

Reagents

All the metal salts used were of AR reagent grdthe. stock solutions of Chromium(0.01M) in triplistdied water
are prepared from accurately weight potassium chterand diluted to required strength. Kaxan/Kixamxéh is
prepared according to method described by Keskj20h and 0.01M solutions are prepared by doubléiliéid
water. 5% NHOH and 1%HCI was used for pH adjustments. Gelaioh BX-100 solutions was prepared in W/V
basis and diluted as per requirement.

Apparatus
Polarograms are recorded at 25 £0.2sing Elico recording D.C.polarograph model CIZ38H measurements are
made with a LI-120 pH meter (Elico Pvt.Ltd, India).

RESULTSAND DISCUSSION

Factors affecting the catalytic hydrogen currents

Several factors influence the catalytic peak susheffect of pH, effect of supporting electrolytedaits
concentrations, effect of reagent concentratiofecef of metal ion concentration, mercury column ghei
temperature, suppressing agents and interferirgy ion

Selection of supporting electrolyte

Preliminary experiments were conducted with fewesy/pf supporting electrolytes. The peak current slrape of
the catalytic hydrogen peak are improved in thes@nee of ammonium chloride and therefore, ammormhlworide
is used as a supporting electrolyte in the presethod for all three xanthates.

Optimization of the experimental parameters

Effect of pH

The effect of pH on the catalytic peak is studigdrdécording the polarograms at various pH value8 {6 10.0)
keeping Cr(VI) ion at 3.0 ppm and xanthate conegimin constant (2.8 mM of Kaxan/Kiaxan and 3.0 mligk#&n)

in ammonium chloride (0.3M for Kaxan/Kiaxan and MJ.4or Kcxan respectively and adjusting the pH with
NH4OH. The pH where the catalytic wave height is maximand well defined is selected as optimum pH. &hes
valves are 8.2 for Kaxan/Kixan and for Kcxan. Agher pH values the peak height is diminished arak petential

is shifted to negative values.

Effect of Supporting Electrolyte Concentration

The wave height increases up to 0.3M8Hfor Kaxan/Kixan and 0.4M NALI for Kcxan atpH at fixed metalon
3.0 ppm Cr(VI), 2.8 mM Kaxan/Kixan and 3.0mM Kcxah pH 8.2 for Kaxan/Kixan and 8.6 for Kcxan and
decreased beyond this concentration for all xaathalhe peak potential is shifted considerably tovds less
negative potential with increase in NE concentration

Effect of Reagent Concentration

The wave heights obtained at 2.8 mM Kaxan/Kiaxath @n3.0 mM Kcxan, are maximum, at 3.0 ppm of Cy(¥l
0.3M (for Kaxan and Kiaxan) and 0.4M (for Kcxan) N supporting electrolyte at pH 8.2 for Kaxan/Kiaxand
8.6 for Kcxan.

2253
www.scholarsresearchlibrary.com



N. Venkatasubba Naidu et al Der Pharma Chemica, 2012, 4 (6): 2252-2258

The potential of the peak shifted towards more tieggotentials on increasing the xanthate coneéintr. The
variation of the wave height as a function of xam¢hconcentration is not linear but tends to atiimgivalue at
higher concentration of xanthate which is a typmatatalytic wave [21]. The shapes of the wavesiiadicative of
adsorption [21-23].

The non-linear portion has the shape of a curvermnbng a Langmuir adsorption isotherm, and the pio
{[Xanthate]/ip} vs [Xanthate] is a straight line w@ined. The relationship shows the involvement ddaaption
process in the electrode mechanism [23].

Effect of Mercury Pressure

Polarograms of 3.0 ppm Cr(VI) in 0.3M NEI at pH~8.2 for 2.8 mM Kaxan/Kiaxan and 0.4M ;G at pH~8.6
for 3.0 mM Kcxan are studied at different mercupiuenn heights. The wave height decreased slighith w
increase in height of the mercury column andViCélso decreased. The diminishing of the wave heigth the
increase of the height of the mercury reservoihigracteristic of catalytic hydrogen waves [24].

Effect of Maximum Suppressor

The catalytic wave height is reduced by 19% byatidition of 0.005% gelatin and above this it desesaslightly.
The catalytic wave reduced 10% by addition of 0990PX-100 and above this concentration of TX-100¢heent
decreased very slightly in case of all three xaetharhe peak potential shifted towards less neggtdtentials in
all cases. This shows that the wave is of cataigtitature and adsorption is involved in these \8d28-26].

Effect of Temperature
The catalytic wave height increased with increaséemperature and the temperature coefficient gatiecrease
with increase in temperature up to 30°C and iC bexotemperature independent beyond 30°C [22].

Effect of Cr(VI) on peak current

Maintaining all the conditions previously selectéloe concentration of chromium is varied and thesiity is
tested. The peak current increased proportionatly the concentration of Cr(VI) in the range of @014.5 ppm for
all three xanthates. The linear relationship otgdihetween the catalytic current and metal ion entration within
a limited range as is expected with catalytic auis¢21] show that the determination of the micemgrquantities of
Cr(VI) in unknown samples using xanthates as coripdeagents is possible.

Effect of Foreign lons

Co(ll) is oxidized to Co(lll) by atmospheric oxygbefore oxygen is removed by the passage of nitr@gel was
precipitated with xanthate. Vanadium interferes #nd masked by adding 2 ml of 1% sodium fluorgtution.
Ni(ll) also precipitates in the pH range of chromixanthate system. Among these metal ions only No(V
seriously interferes as the catalytic wave of MJ(lobtained even in the absence of xanthate.

However, carbonate and EDTA interfere severely Upypsessing the catalytic wave of Cr(VI) as theyegstrong
complexes with the metal ion. Nitrite and nitrateegcatalytic currents with Cr(VI) in the absendexanthate also.

Effect of Indifferent Cations

The effect of alkali chlorides on the Cr(VI) xantdaystem is studied using lithium, sodium, potassand calcium
chloride, keeping ammonium chloride in the soluttmmstant at 0.3 mM (Kaxan/Kiaxn) and 0.4 mM (Koxarhe
wave height decreases continuously with increag@enconcentration of sodium chloride and potassittoride
.The decrease in height is due to lithium chloadd is much more with calcium chloride.

The peak potential of the catalytic waves shiftedards less negative potentials with increase iloricte
concentration in all cases. The suppression of viaight in the presence of indifferent electrolysbsws that the
chromium-xanthate complexes have adsorption priggesh the mercury electrode [22-24].

Eletrocapillary curves

The curves are drawn by plotting potential vs diiope. The electrocapillary curves obtained with gupporting
electrolyte alone (a) and in the presence of xdetfld and Chromium(VI) plus xanthate (c) are shawfig-1(a.
Kaxan, b. Kiaxn, c. Kcxan). In the presence of Rate the electrocapillary maximum potential is telifto more
negative values and the curve is in the form ofiménon the positive side of the electrocapillaryxmaum
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corresponding to the adsorption wave of xanthaig(furve c). The surface activity of xanthate islertincreased
in the presence of Cr(VI) and curve (d) coincidé¢hwhe curve(a) close to the potential where hydnogvolution
starts [28] .

Fig 1. Electrocapillary curves
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c. Kexan electrocapillary curves
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Table-1: Determination of Chromium(VI) in Milk Samples:
1. Cow Milk
2. Goat Milk
3. Buffalo Milk
Kaxan Kiaxan Kcxan
NHCI 0 0.3 0.3 0.4
Xanthate, mM : 2.8 2.8 3.0
pH 0 8.2 .28 8.6
Cr(VI) Found in samples, ppm*
Sample Present Method AASMethod
Kaxan Kiaxan Kcaxan
Cow Milk
001C-08 0.11(+0.628) 0.13(+0.532) 0.13(+0.684) 0.14
002C-08 0.14(+0.515) 0.09(+0.715) 0.10(+0.588) 0.12
003C-08 0.12(+0.843) 0.11(+0.418) 0.10(+0.617) 0.12
004C-08 0.15(+0.494) 0.15(x0.662) 0.13(+0.489) 0.16
005C-08 0.12(+0.734) 0.14(+0.483) 0.11(+0.585) 0.14
Goat Milk
001G-08 0.30(+0.559) 0.32(+0.813) 0.32(+0.488) 0.34
002G-08 0.33(+0.746) 0.34(+0.449) 0.34(+0.439) 0.35
003G-08 0.30(+0.722) 0.28(+0.682) 0.28(+0.599) 0.3
004G-08 0.35(+0.416) 0.37(x0.496) 0.37(+0.731) 0.38
005G-08 0.30(+0.821) 0.30(x0.773) 0.30(+0.518) 0.32
Buffalo
001B-08 0.36(+0.522) 0.35(+0.498) 0.33(+0.555) 0.38
002B-08 0.36(+0.588) 0.36(+0.683) 0.37(+0.489) 0.38
003B-08 0.33(+0.495) 0.35(+0.519) 0.35(+0.718) 0.35
004B-08 0.33(+0.912) 0.33(+0.692) 0.33(+0.581) 0.35

*1 ml of the sample is used
* SD for 5 individual samples
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Table-2: Determination of Chromium (V1) in water samples

Kaxan Kixan Kexan
NHCI : 0.3 0.3 0.4
Xanthate, mM : 2.8 2.8 3.0
pH : 8.2 8.2 8.6
Samples| Cr(vi) Kaxan Kixan Kcxan AAS Method
Added, | Cr(vi) % Cr(vi) % | Cr(vi) % Cr(vi) %
ppm found,ppm Recovery found,ppm Recovery found,ppm Recovery found,ppm Recover
1. 0.5 0.48 96 0.48 96 0.5 100 0.5 100
2. 1.0 0.99 99 0.98 98 1.0 100 1.0 100
3. 15 1.47 98 1.49 99.3 1.49 99.3 1.49 99.33
4. 2.0 1.99 99.5 1.99 99.5 1.98 99 1.99 99.5
5. 25 25 100 25 100 25 100 25 100
Average 9¢€ Average 98.5% Average 9¢€ Average 98.
*5 ml of the concentrated samples used.
Table-3: Deter mination of Chromium(V1) in Swarnamukhi River Water, Sri kalahasthi.
xd&h(a) Kiaxan(b) Kexen(
NH,CI : 0.3 0.3 0.4
Xnthate, mM  : 2.8 2.8 3.0
pH : .28 8.2 8.6
Sample| Xanthate Raeason Summessea
Cr(vi),ppm Cr(vi) ihe Cr(vi),ppm Cr(vi) ihe
nSale,ppm nSale,ppm
Added  Found present AAS | Added Found present AAS
Method method Method method
a. 2.0 2.85 7.37 2.0 2.95 7.82
1. b. 2.0 2.9 7.63 7.68 2.0 2.93 7.76 7.82
C. 2.0 2.82 7 2.0 2.95 7.82

*5 ml of the concentrated samples were used.
**Average of five individual determination.

CONCLUSION

The results of this investigation shows that Cr(\jives catalytic hydrogen currents at DME due te th
complexation of —SH containing ligands. The lindapendence of the current on the pH and ligandestration
up to certain values shows that the waves areytiatah nature due to chromium complexation witmtteates and
adsorption phenomenon is involved. The effect adfiteof the mercury reservoir and temperature ¢oiefit values

is also indicative of catalytic nature of the wavesirther support of adsorption is indicated by tlamgmuir
adsorption isotherm curve.

Still another support for the idea about partidiatof adsorption and the metal xanthate complénxesatalytic

hydrogen waves is seen with the decrease of heigttite current with indifferent electrolytes ana tshape of the
electrocapillary curves and further increase ifasug activity (curve d) due to the adsorption afochium-xanthate
complexes on the mercury surface.

From the results obtained for Cr(VI)-xanthate coempétudy it may be concluded that the procedureldeed for
the detection and determination of Cr(VI) using tag¢alytic hydrogen waves at DME in the presenceaothates
(Kiaxan, Kaxan and Kcxan) is selective without mucterferences due to other metal ions except Mp(Vhe
method is also sensitive with the lowest detecliimit of 0.1 ppm, rapid and specific compared tfiudiion current
of Cr(VI) in d.c. polarography.

Application of the Catalytic method

The developed method is applied to the analysisack quantities of chromium in milk and water steapSamples
are preconcentrated by evaporation and standarticeddhethod is used for analysis. The method regbhere
may therefore successfully applied for the deteatidm of chromium in cow, got and buffalo milk saegpand
water samples without inferences from other metas$ iexcept molybdenum.

2257
www.scholarsresearchlibrary.com



N. Venkatasubba Naidu et al Der Pharma Chemica, 2012, 4 (6): 2252-2258

REFERENCES

[1] P. Brewer, J.P. Riley, and C. Skirrow, (Eds) Chein@ceanography (Acadamic Press, Londa8y5, 2" Edn.,
1,463.

[2] D.G. Barceloux,). Toxicol. Clin. Toxicql1999, 37, 173-94.

[3] R.E. Shaffer, J.0. Cross, S.L. Rose-Pehrsson aiid Blam,Anal Chim Acta2001, 442 295.

[4] W. Mertz,J. Am. Coll. Nutr]1998, 17, 544-547.

[5] R. Prakash, R. Bansal, A. Kaur and S.K. RehBalanta1991, 38 1163.

[6] A.K. Shanker, C. Cervantes, H. Loza-Tavera and\&dainayagaminvironment Internationa2005, 31, 739-
753.

[7]1 M. Kamburova Talanta1993, 40, 713.

[8] L.M. Lampert, The Minerals and water in milk In Merd Dairy Products, Chemical Publishing Co.,NewkYor
1984, 57-70.

[9] C.F. Wang, C.J. Chin, S.K. Luo and L.C. Men, Arzthim. Acta 1999, 389, 257-266.

[10]H. Gurleyuk and D. Wallschlaegek, Anal. Atom. Spectraqra001, 16, 926-30.

[1L1]A. Makishima, K. Kobayashi and E. Nakamu@egostandards Newslettg002, 26, 41-51.

[12] E.F. Prasadirchives of Applied Science Reseafil, 3 (1): 230-234.

[13]T.Y. Peng, Z.C. Jiang, B. Hu and Z.H. Liao, FreserAnal. Chem]999, 364, 551-555.

[1L4]M. Souundarrajan, T. Gomathi and P.N.Sudkrahives of Applied Science Resea2f12, 4 (1):225-235.
[15]A. Lagerwaard, J.R.W. Woittiez and J.J.M. de GbedsenJ. Anal. Chem1995, 351, 786-789.

[16]W.J. Ding, Q.F. Qian, X.L. Hou, W.Y. Feng, Z.F. Clamd K. Wang,J. Radioanal. Nucl. Chen2000, 244,
259-62.

[17]V.S. Shrivastavairchives of Applied Science Resea@dl2, 4 (3):1244-1254

[18]A. Gaspar, C. Sogor and J. Posta, Fre3eAnal. Chem]999, 363, 480-483.

[L9]M.N. Amin, H. Okada, S. Itoh, T. Suzuki, S. Kaneswl K. OhtaFresenJ. Anal. Chem2001, 371, 1130-
1133.

[20]1.Y. Keskyula,Trans. State. Inst. Appl. ChgldSSR)1936, 30, 29.

[21]L. Meites, “Polarographic Techniques”. InterscieRatblishers, Inc., New York955, 78-82.

[22]P. Mader, .M. Kolthoff and V. Vesel&lectrochemica Actdl982, 27, 1393.

[23]C.N. Reilley and W. Stumm, “Progress in Polarogséptiol. |, Edited by Zuman, P. and Kolthoff .M.,
Interscience Publishers, Inc., London Chaptet962.

[24]A. CalusaruElectrochimica Actal972, 17, 213.

[25]J. Galvez, D. Marin, T. Fuente and M. Saralbal, 1984, 29, 253.

[26] E. ItabashiElectroanal. Chem. and Interfacial Electrochetfl75, 60, 285.

[27]K. SaraswathiProc. Indian Acad. Scll977, 85, 514.

[28]1.M. Kolthoff and P. MaderAnal. Chem1969, 41, 925.

2258
www.scholarsresearchlibrary.com



