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ABSTRACT

Copper(11) in the presence of potassium n-propyl xanthate (Kpxan) and
potassium cyclo hexyl xanthate (K chxan) in ammonium chloride-ammo-
nium hydroxide mediumin the pH range 9.2 to 10.6 gives catal ytic hydro-
gen waves at mercury electrode and the peak height is proportional to
concentration of metal ion. The method developed is ssimple, rapid and
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sensitive without interferences of many metal ions and applicable to the
analysisof alloysand agriculture materials. An el ectrode reaction mecha-
nism based on d.c. polarographic and cyclic voltammetric results of the

system is also suggested.

INTRODUCTION

In continuation of our earlier work on catalytic hy-
drogen currents (CHC) at mercury electrode dueto
complexation of organic thiocompoundswithtrangtion
metal ionsinammonium chloride-ammoniasupporting
electrolyte1 an attempt has been madewith Cu(ll)-
xanthate systems. Potass um n-propyl xanthate(K pxan)
and Potass um cyclo hexyl xanthates(K chxan) havebeen
foundto give catalytic hydrogen currentsin the poten-
tid range-0.37t0-0.39V vs SCE with Cu(ll) inNH,Cl-
NH,OH medium in the pH range 9.2 to 10.6 (figure
1,2) . Thequantitative experimental conditionshave
therefore been devel oped, thedetail sof which arepre-
sented below (TABLE 1).

Themechanism of the catal ytic hydrogen current is
also amatter of importance becauseitisnot well un-
derstood so far. An important technique, cyclic

© 2008 Trade Sciencelnc. - INDIA

voltammetry, akey method for characterizing the ad-
sorption a mercury el ectrode (HM DE) has been

Effectively utilized for suggesting the mechanism of
Kinetic BrdickaCurrents(CHC) of Cu(ll)-xanthatesys-
temsin the present paper.

EXPERIMENTAL

Apparatus

The equipment used are d.c. Polarograph model
CL-357 coupled withmodel LR-101 Pstrip chart re-
TABLE 1: Quantitativeexperimental conditionsfor Cu(ll)

deter mination through Cu(l1)—xanthate catalytic hydrogen
waves

Conditions K pxan K chxan
pH 9.6 9.2
NH,CI, M 0.3 0.3
Xanthate, mM 2.8 2.8
Copper(11), ppm 0.6-3.6 0.6-3.6
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Figure1: Polarographiccurvesof Cu(ll)
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Figure?2: Polar ographiccurvesof Cu(l1)

corder supplied by Elico Private Limited(Hyderabad,
India), and Voltammograph mode CV-27 coupled with
R-XY recorder manufactured by BAS, U.S.A. ThepH
measurementsare made by using pH meter, mode LI-
120(Elico Private Limited) with glass el ectrode of pH
range0-13. Thetemperatureismaintained at 25+0.2°C
and theflow of mercury at 3.8 seconds per drop.

Chemicals

All chemicasused areof Andytical Reagent grade
unless specified otherwise. The solutionsare prepared
indoubledidtilled water and diluted to required strength.
5% NH,OH and 1% HCl are used for pH adjustments.

Hnalytical CHEMISTRY o

Geatinand Triton X-100(S.d.fine.Chem. Ltd.) arepre-
pared and diluted as per requirement. Kpxan and
K chxan are prepared and recrystallised according to
standard procedures reported*®24, Standard proce-
dureisused for preparing brass sampl€?? and dry ash
method® for agricultura materiasfor the preparation
of thesamplesolutions.

RESULTSAND DISCUSSION

Effect of pH

Effect of pH on solutions containing 3.6ppm of cop-
per in 0.3M ammonium chloride for both xanthates
(2.8mM) werestudied, varyingthepH from 9.2t0 10.6
adjusting with ammonium hydroxide. Withincreasing
pH the height of the catalytic waveincreased and after
attaining amaximum peak current (pH 9.6 for Kpxan
and 10.0for K chxan) thewave height decreased with
further increasein pH. The peak potential of the cata-
Iytic wave shifted towards positive potentialswith in-
creasein pH.

Effect of supporting el ectrolyteconcentration

Theeffect of ammonium chlorideintherange of
0.1t00.8M onthenatureof current-voltage curvesat
DME for Cu(Il)-xanthate complexeswith two ligands
have been studied, keeping the copper ion concentra-
tion at 3.6 ppm and xanthates concentrationsat 2.8mM
adjusting pH 9.6 and 10.0, respectively.

The polarograms are well defined and the wave
heightisincreased upto 0.3M NH,Cl. The peak height
decreased beyond this concentration and therefore
0.3M concentration ismaintained for further studies.
The peak potentia of the catal ytic wave shiftstowards
positive potentialswithincreaseinammonium chloride
concentration.

Effect of reagent concentration

Solutions containing 3.6ppm of copper ion, 0.3M
ammonium chloride aretaken and the xanthates con-
centrationisvaried from 0.6 to 3.6mM maintainingthe
pH of the solution at 9.6 in the case of Kpxan and 10.0
for Kchxan.

Thewaveheight increased linearly with xanthate
concentration upto 2.8mM for both Kpxanand K chxan.
With further increasein xanthate concentrationthewave
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height isindependent of concentration and showsthat
thecomplexisstable.

Plot of{ [ Xan]/ip} vg[ Xan]} isastraight lineand
confirmsthat adsorption phenomenonisinvolvedinthe
€l ectrode reaction process.

Effect of mercury pressure

The height of mercury column isvaried and the
polarogramsof copper in quantitative experimental con-

ditionsarenoted. Itisfoundthat i / /n decreased with
the height of themercury columnindicating that the cur-
rentiscatalyticin nature.

Effect of maximum suppr essor

Theeffect of surface active substances, glatinin
therange 0.005t0 0.01% and Triton X-100, 0.002 to
0.004% on the catal ytic wave height of Cu(ll)-xan-
thate systemisstudied maintaining thefixed anaytica
concentrationsfor both xanthates. The catalytic wave
decreased sharply upto 0.005% gel atin concentration
and withfurther increasein concentration of the surface
activematerid thewave height decreased by only about
2%. The peak potential shifted towards positive po-
tentialsand the catal ytic peak became round shaped.

The suppression of the catalytic wavewith 0.002
t0 0.005% TX-100isvery small compared to gelatin.
The peak potentia shifted towards positive potentials
inthiscasedso.

Effect of copper (11) ion concentration on peak cur-
rent

At fixed concentrationsof xanthateg 2.8mM] and
ammonium chloride(0.3M) adjusting pH 9.6 and 10.0
respectively for two xanthate(K pxan and K chxan), the
metal ion concentrationisvaried between 0.6t04.0ppm
and the proportionality of peak currentisstudied.

Thepeak currentincreased linearly with copper con-
centrationintherange 0.6 to 3.6 ppm and the corre-
sponding calibration plot is shown in figure 3. The
method suggeststhat thedetermination of microamounts
of copper ispossible in unknown samples. It is ob-
served that thereisno changein the shape and the peak
potential of the wave throughout the copper concen-
tration range studied.

Effect of indifferent cations

—= Fyll Poper

Figure3: Effect of Cu(l1) on peak current

The effect of neutral salts and replacement of
monovalent cation with divalent cation leadsto the
changesboth inthe height and potentia of thecatdytic
wave. Threeakali chlorides, potassium, sodium and
lithium and bivalent cation, calcium areused. Within-
creasein concentration of thesemeta chloridesthewave
height decreased continuoudy and the decrease of wave
height in ca cium chlorideismorecompared to monova:
lent chlorides. Thepeek potentid isshifted towardsless
negativepotentialswithal cations.

I nterferencestudies

Theeffect of variousmetd ionsonthecadyticwave
of copper wasstudied. Most of thetrangtion metal ions
do not interfere under the conditions devel oped and
Fe(I1) and Ni(I1) get preci pitated which can beremoved
by filtration. Theonly meta ion, Mo(V1) interferes seri-
oudy by increasing thewave hei ght and shifting the pesk
potentia of copper catalyticwave.

Anionssuchasoxdée, citrateand EDTA interefere
by compl etely suppressing the copper catalytic wave,
whereasnitrateinterferesby increasing the cata ytic
waveheight.

Electrocapillary curves

Elecrocapillary curvesof NH,CI-NH,OH support-
ing el ectrolyte (curvea) with 3.6 ppm of copper (curve
b) and xanthate (curve ¢) and the complexes (curved)
aregivenin (Figures4 and5). From thesecurvesitis
observed that the el ectro capillary maximumisshifted
toamorenegativevad ueand thedroptimeissuppressed
to the positive side of the el ectro capillary maximum
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Figure6: Cyclicvoltammogramsof Cu(l1)

where xanthate ionsare strongly adsorbed(curve ).
The Cu(ll)- xanthate complex further suppressesthe
positive branch of the e ectro capillary curveindicating
that adsorptionisinvolved in thereaction process of
cata ytic wave. Completedesorption of xanthateaswell
asitscomplex occursat potentialsmore negativethan
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Figure7:Cyclicvoltammogramsof Cu(ll)

TABLE 2:Effect of scan rateon copper (I1)-K pxan sysem

Scan Epc, -V
Sno rate, Vs Ipc, pA Ipc/VV \E/gasc—:\é Ip:,
viSec SCE H
0.05 040 6.00 2727 0320 110
a 0.09 041 7.00 23.33 0327 040
016 041 8.00 20.00 0.328 0.80
032 041 1000 1785 0332 1.00
0.05 042 5.00 2272 0320 0.20
b 0.09 042 6.00 20.00 0.330 0.30
016 043 7.00 1750 0.340 0.40
0.32 043 9.00 16.07 0.342 1.00
0.05 041 4.00 18.18 0.330 0.30
c 0.09 042 5.00 16.66 0.340 0.40
016 042 6.00 1500 0.350 0.42
0.32 043 8.00 1428 0.354 1.20

(@) 3.0ppm Cu(l1):0.3M NH,Cl:pH 9.6:2.0mM Kpxan; (b) 3.0ppm
Cu(l1):0.3M NH,Cl:pH 9.6: 2.8 mM Kpxan; (c) 3.6ppmCu(ll):0.3M
NH,Cl:pH 9.6:2.8mM Kpxan

that of the electro capillary maximum where all the
curvescoincide (curvea, cand d).

Cyclicvoltammetry of Cu(ll) xanthate

Cydlicvoltammetry of Cu(ll)-xanthate complexes
showed awave on the cathodic side at about -0.41V
Vs SCE for Kpxan and -0.49V Vs SCE for K chxan.
Thesewavesdepend markedly on voltage scanrate,
and concentration of the complex(Figures6,7).

The cyclic voltammogramindicatesthat thereac-
tant, Cu(ll)-xanthate complex isweakly adsorbed on
the stationary electrode which isseen on enhancement
of cathodic peak current compared to thereversean-
odic peak current. Withincreasein scanrate, the cur-
rent function decreased and peak potentia shifted to
negetivevaues(TABLE 2,3).

Thepesk onthereversescana -0.32V with Kpxan
and at -0.183 V Vs SCE with Kchxan are at more
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TABLE 3: Effect of scan rateon Cu(ll)-kchxan system

Scan

Epc, -V IpC; Epa,-V Ipa,

no. rate, ,
Sno visee vs SCE Ipc, nA Jv VSSCE pA
0.05 0490 400 1818 0.180 05
a 0.09 0491 500 1666 0.182 1.0
0.16 0492 6.00 1500 0.183 20
032 0493 800 1428 0.184 3.0
0.05 0490 500 2272 0.180 05
b 0.09 0500 6.00 2000 0.183 20
0.16 0510 700 1750 0.184 3.0
0.32 0520 900 16.07 0.18 4.0
0.05 0500 600 2727 0181 10
c 0.09 0510 700 2333 0.183 20
0.16 0520 800 2000 0.184 3.0
032 0530 10.00 1785 0.186 4.0

(a) 3.0ppm Cu(l1):0.3M NH,CI: pH 10.0:2.2mM Kchxan; (b)
3.0ppm Cu(I1):0.3M NH,CI:pH 10.0:2.8mM Kchxan; (c) 3.6ppm

Cu(I1):0.3M NHA4CI:pH 10.0:2.8mM Kchxan
TABLE 4: Determination of copper in duesinecoracana (Fin-
ger millet)

(a) Kpxan (b) Kchxan
Xanthate, mM 2.8 2.8
NH4Cl, M 0.3 0.3
pH 9.6 10.0 9.6 10.0
Cu(ll) added, Cu(ll) in thewhole
* Sample/ ppm sample, ppm
Xanthate o Catalytic AAS
ppm Total**found method  method
a 1.0 1.624 12.48
b 1.0 1.625 12.50 12.50

*5ml of the sample solution is used; **Average of five individual
determinations

TABLE5: Deter mination of copper in brass[Certified amount
of Cu (%)=67.4]

() Kpxan (b) Kchxan
Xanthate, mM 2.8 2.8
NHA4Cl, M 0.3 0.3
pH 9.6 10.0

. . Cu(l1) in the sample, ppm
Sample/Xanthate—=— i rethod  AAS method

a 67.2 67.3

b 67.3 67.3
*5ml of the sample solution is used; **Average of five indi-
vidual determinations
anodic potentialscompared to ther respective cathodic
peaks. Thismay be dueto increasein free energy of
adsorption and thereforethe adsorbed reactant ismore
difficult to reduce and reduction occurs at more ca-
thodic potential and only one peak observed® unlike
other metal xanthatesreported earlier.

M echanism of copper (11) xanthatecatalytichydro-
gen wave

—= Fyll Poper

The characteristic nature of the wave/peaks ob-
served in d.c. polarography and cyclic voltammetry
suggest that the catd ytic hydrogen wavesare of Brdicka
type and the reaction mechanism may be represented
asshown below.

[Cu(1) (RS),],,,— [Cu(l) (RS)]..,

[Cu(ll) (R9),] . +2e=[Cu(0) (RI),]...

[Cu(0) (R9),],.+H"=[Cu(0) (RS),H"]..

[Cu(0) (RS),H*]_.+ € =[Cu(0) (RS),] . +1/2H,

Application of thecatalyticmethod toreal samples

The cata ytic polarographic method of Cu(ll) using
K pxan and K chxan asreagentsisextended totheanay-
ssof leafy vegetablesand dloys.

L eafy vegetables

3.5g of Eluesine Coracanaiscollected and digested
by dry ashmethod. Theashisdissolved by heatingwith
10ml of 2N HCl, filtered through an acid washed mem-
branefilter and the residue is washed with hot water.
Standard addition method is used in this case
(TABLE4).

Alloy

Standard sample of Brassisbrought into solution
by standard procedures.

Aliquots of the above sample solution aretaken
and quantitative experimenta conditionsaremaintained
and the solutions are polarographed.

Theresultsobtained by thismethod arefurther sup-
ported by AAS method (TABLE 5).

CONCLUSIONS

The presence of xanthatein amedium containing
ammonium chloride-ammonium hydroxide supporting
electrolyteand copper (1) givesriseto acataytic hy-
drogen wave, positiveto the Cu(ll) reduction wave.
Theeffect of pH and ammonium chloride concentra-
tion clearly indicatethe characteristic property of cata-
lytic surfacereactions.

Theheight of the catalytic waveisfoundto vary
linearly with the concentration of xanthateat |ow con-
centration and at higher concentrationsthevariation
showsaparabolicform. Thenon-linear portion hasthe
shapeof acurveresembling aLangmuir adsorptioniso-
therm andthereforetheplot of { [ Xanthate]/ip} vs{ Xan-
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thate} isastraight lined?29, Thisdependenceisdueto
the adsorption of the cata ytically active compound at
theelectrode surface.

Theheight of the catalytic wave decreasesdightly
with theincreasein gelatin and Triton X-100 concen-
tration and suggest that theadsorptionisinvolvedinthe
mechanism of the catal ytic wave. Thesurfactants de-
creasethe free area of the electrode and so decrease
theheight of the catalytic hydrogen wave. Theadsorp-
tion phenomenonisfurther supported from the study of
indifferent el ectrolyte effect wherethe catal ytic current
decreased morewith increasing ionic strength of Ca?*
than in the presence of K* or Na* or Li* indicating
Brdickatype of Catalytic currents?”. The shapes of
the eectro capillary curves confirm the adsorption of
copper xanthate complex on the mercury surface®!.
Thelinear increasein peak current with Cu(ll) isin-
dicativeof diffusion controlled currents.

All theseobservationsclearly indicatethat the cata
Iytic current isof Brdickatype. When current isless
than 20% of itslimiting valueit isentirdy kineticin na-
tureand at maximum or limiting current or saturation
valueitisdiffusion controlled?!. The peak height of
thisincreased with the complex concentration aswell
aswith scanrate, indicative of adsorption.
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