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ABSTRACT

Facile, rapid and sensitive catal ytic hydrogen polarographic method for the
determination of Cu(ll) with Piperidine dithiocarbamate (pip-DTC) invari-
ous water, vegetables and alloys was described in the present paper. The
method was based on the catal ytic hydrogen wave of pip-DTC-Cu(ll) com-
plex in the presence of NH,CI-NH,OH medium at pH 6.6 and produce a
catalytic hydrogen wave at —0.35 V vs SCE. Optimum parameters such as
effect of pH, NH,CI-NH,OH, Amm Pip- DTC, metal ion concentration and
excipient effect on peak height were investigated to enhance the sensitivity
of the present method. The proposed method was applied for the determi-
nation of Cu(ll) in various water, vegetables and alloys and the results
obtained were compared with the differential pulse polarography in terms
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of detection limits.

INTRODUCTION

Copper isoneof theseveral metal ionsthat play an
important roleinthebiological systemd?. It playsakey
roleduring cdl respiration, intheblood of invertebrate
animalsand intheformation of haemocyanin@, anim-
portant respiratory protein, foundin thelymph of most
animalsbelonging to phylaMolluscaand Arthropoda.
From the stand point of human health, itsrolein three
physiological functionsisof primeimportance. Copper
isinvolvedin haemopioes' s, maintenance of vascular
and skeletd integrity besidesthe structureand function
of thecentra nervoussystem.

Copper occursnaturally in most vegetables, meat
and grains. Thestudy of copper infooditemsisof great

© 2011 Trade Sciencelnc. - INDIA

concern, sinceit playsadefinitiveroleintheintrinsic
mechanismsregulating vital biologica processes®.
Over exposureto copper causes metallictaste, ptyal-
ISm, nausea, vomiting, epigastric burning and diarrhea.
Heavy doses of copper causes aseriesof systematic
toxiceffectssuch ashaemolyss, hepatic neuros's, gestro-
intestina bleeding, oliguriaazotemia, haemoglobinuria,
haematuria, proteinuria, hyper tension, tachychardia,
convulsionsand coma. When acongenitd deficiencyis
the haemostatic mechanismfor copper exigts, themeta
accumulatesintheliver, discreteareasof thebrain, the
corneaof the eye and other tissues causing Wilson’s
disease®. Awidevariety of clinical disordershavebeen
associated with adietary deficiency of copper which
respond to copper therapy. They include anemia, de-
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pressed growth, neo-natal ataxia, impaired reproduc-
tive performance, heart failureand gastro-intestind dis-
turbances”.

Apart frombiological utility of copper, it sofinds
applicationinindustries?. Itisusedinthedectrica in-
dustry and finewires, commutor barsand high conduc-
tivity tubes. Itisa so usedin pipemaking, roof sheeting
and bronze paint and insecticides. Inadditiontothis, it
isapollutant inthe environment resulting from thein-
dustrial dischargeintheform of particulate or soluble
copper wastefrom el ectropl ating, chemicd andtextile
industries. Asapollutant, copper isof particular con-
cern, because of the high degree of toxicity to aguatic
organisms. Inview of thisdetermination of copperis
indispensable.

The polarographic determination of copper inmi-
cro amountsviathe solvent extractioninto n-butanol or
cyclohexanonein the presence of oximewasreported
by Rao and Rao®9. Polarographic certification analy-
sis of standard samples of copper-based alloys was
doneby Vatamin et al.[™. Thepolarogram of Cu(ll) in
HCl-thioglycoallic acid, 1,10-phenanthroline exhibited
an adsorptivecata yticwavewhich wasgpplied for trace
amounts of copper in waste and natural waters. The
detection limit was0.03 pg/mli*2. Complexesof Cu(ll)
with thiosemi carbazones of benza dehyde, sdicylade-
hyde, biacetyl, benzyl, acetyl acetone, acetonyl acetone
in DMFwere examined by polarography*. Determi-
nation of micro amountsof copper in human hair has
been proposed by the pol arographi c adsorptive com-
plex wave. Thismethod was gpplied intheanalysis of
copper inhuman hair andtheandytica result wasevau-
ated™, The polarographic waves of copper (I1) inthe
presence of sul phuric acid and thioureawerereported
by Biernat and Syzmaszek(*®,

The polarographic behavior of Cu(ll) in 2-amino
butanoate solutionsat ionic strength, 0.4 were studied.
Reversible 2-electron reduction waves were obtai ned
at pH 1.2-4.2 and 6.1-11.9 for the Cu system. The
lower limit for the determination of themetal was 0.6
ppm™¢. Copper was detected in duminium alloys by
Leil* using sodium acetate buffer and benzoin oxime.
Copper in Dutch rennet cheeses are determined po-
larographically by dry ashing of a sample and
polarographed in chloride-ammoniabackground el ec-
trolyte and anhydrous sodium sul phite®. Palaniappan
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Scheme 1: Synthesis of Ammonium piperidine dithiocar-
bamate(Amm pip-DTC)

and Revathi*¥ devel oped an indirect polarographic
method for the determination of Cu(ll) based onthe
highly stable complex formation of Cu(ll)-
Sdlicyladehydethio semicarbazone. A catalytic polaro-
graphic method for the determination of microgram
quantitiesof Cu(ll) was devel oped based onthe cata
lytic currentsof copper in the presenceof antipyrinein
sodium perchlorate mediumi?%, Voltammetric studies
wasdeve opedfor theinvestigation of Cu(ll) invarious
environmental sampleswith xanthatesat DM E by em-
ploying D.C. Polarography!?Y,

Thepolarogramof Cu(ll) inHCI- thioglycollicacid-
1, 10 phenanthroline exhibits an adsorptive catal ytic
waveswhichisapplied to determinetrace amounts of
copper inwaste and natural water’??. Anindirect ki-
netic method? was established for the determination
of trace copper in human hair and finger nailsbased on
catal ytic function to thereaction between ethyl orange
and ascorbic acid. The polarographic peak isobserved
at -0.30V Vs SCE.

In the present polarogaphic work on Copper(11)
determinationwith dithiocarbamatesusing Ammonium
Fiperidinedithiocarbamae (Ammpip-DTC) inammo-
nium chloride-ammonium hydroxidemedium isexam-
ined and found that it givesapronounced catalytic hy-
drogen wavewith peak potentia at -0.35V VsSCE..
Cu (I1) diffusion current wavewith E , isat -0.51V
Vs SCEinNH,CI-NH,OH medium. Typical current-
voltage curvesof Cu (I1)-dithiocarbamate system ob-
tained in NH,CI-NH,OH medium. The method is
smple, sengtive, salectiveandragpid for theanaysisof
traces and ultra-traces of copper(ll) invariouswater,
vegetablesand dloys.

EXPERIMENTAL

Materialsand appar atus

All theexperimentswere performed at 25°Cusing
freshly prepared solutions. Doubledistilled mercury and
doubledistilled water were used. The dissolved oxy-
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Figurel: Polarographiccurveof copper (I1)inNH,CI-NH,OH
medium in the presence of Amm pip-DTC. (a) 0.3M NH,ClI,
pH ~6.6, (b) a+2.0mM Amm pip-DTC, (c) a+ 1.0ppm Cu(l1)
(d)b+1.0ppmCu(ll)
gen in the solutionswas removed by passing pure ni-
trogen gasfor 10 -15 minutes. Standard metal ion so-
lutionisprepared taking 3.928 g/l of CuSO, toget 1
pg/ml and adding few ml of acid corresponding to the
anionsof the saltsto suppressthe hydrolysis. Ammo-
nium Chloride(1M) (S.D FineChemicds, India) ispre-
pared by weighing 53.49 g of ammonium chloride
(AnaaR) and dissolved in 1000 ml of doubly distilled
deionised water.

5% ammonium hydroxideand 1% HCI (S.D Fine
Chemicds, India) for pH adjustmentsareprepared from
AnaaR samples. Potassiumiodate(S.D Fine Chemi-
cas, India) and sodium sulphite(S.D Fine Chemicals,
India) arealso prepared in doubly distilled deionised
water usngAnaaR samples. Triton X-100is prepared
inW/V basis. 0.2 g of Triton X-100isweighed and
dissolvedin 100 ml doubly distilled deionised water in
astandard flask. Gelatin (Difco laboratories, USA) is
prepared by weighing accurately 0.125 g and dissolved
in25ml of doubly distilled deionised water.

Synthesisof ammonium piperidinedithiocar bam-
ate(Amm pip-DTC)

Carbon disulphide (80 g) (S.D Fine Chemicals,

—— Fyll Peper

India) was s owly added to asolution of piperidine (85
g) (S.D FineChemicals, India) in 25 ml of deionised
doubly digtilled water at 5°C with constant stirring, fol-
lowed by 40 g of ammonium hydroxidedissolvedin 20
ml of doubly distilled deionised water. The product was
warmed to room temperature and washed repeatedly
2-3timeswith purified acetone. Thereaction product
was purified by recrystallization in acetone®. Thepuri-
fied compound has amelting point of 196-199°C at
740 mm pressureasshown in scheme 1.

Experimental procedure

A measured volume of the supporting el ectrolyte
and ligand are added to the required aliquots of the
€l ectroactive species, maintaining the optimum pH and
the solution ismade upto 25 ml in standard flask with
doubledistilled deionised water and then transferred to
thepolarographic cdll. Thedissolved oxygenisexpe led
by bubbling pure nitrogen through thetest solution for
10-15 minutes. Polarogram of the solutionisrecorded
using d.c. recording polarograph asshowninfigure 1.

RESULTSAND DISCUSSION

Effect of pH

Effect of pH on solution containing 1.0 ppm of cop-
per in 0.3 M ammonium chloridefor Amm pip-DTC
(20mM) wasstudied, varying the pH from 5.0t0 10.0
adjusting with ammonium hydroxide. Withincreasing
pH the height of the catalytic waveincreased and after
attaining amaximum peak current of pH 6.6, thewave
height decreased with further increasein pH. Themaxi-
mum wave height of the polarogram was selected as
optimum pH whichwasmaintained inal other studies.
Theresultswere presented in figure 2. The peak po-
tential of the catal ytic wave shifted towards positive
potentia withincreasein pH.

Effect of supporting el ectrolyteconcentration

Theeffect of ammonium chlorideintherange of
0.1t0 0.8 M onthenatureof current-voltage curvesat
DME for Cu(l1)-dithi ocarbamate complex have been
studied, keeping the copper ion concentration at 1.0
ppm. TheAmm pip-DTC concentration was2.0 mM
forAmmpip-DTC.

Thepolarogramwaswell definedinNH,Cl of 0.3
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Figure2: Effect of pH onCu(l1)-amm pip-DTC complex sys-
tem
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Figure4: Effect of reagent concentration on Cu(ll)-amm pip-
DTC complex system
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Figure6: Effect of copper(I1) on peak current

M for Amm pip-DTC and thewave height wasincreased
upto0.3M NH,Cl for Ammpip-DTC. The pesk height
was decreased beyond this concentration and therefore
the optimum concentrationwas maintained for further
studiesasshowninfigure 3. The peak potentid of the
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Figure3: Effect of supporting electrolyteon Cu(l1)-amm pip-
DTC complex system
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Figure5: Langmuir adsoption isotherm plot of Cu(l1)-amm

pip-DTC complex system
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Figure7: Effect of indifferent ionson amm pip-DTC-Cu(l1)
complex

cadyticwaveshiftstowardspostivepotentidswithin-
creasein ammonium chloride concentration throughout
the concentration rangeof NH,Cl studied.

Effect of reagent concentration
Solutionscontaining 1.0 ppm of copperion, 0.3 M
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TABLE 1: Effect of mercury pressureon Cu(l1)-Amm pip-
DTC complex
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TABLE 2: Effect of maximum suppressorson Cu(ll)-amm
pip-DTC complex

System Amm pip-DTC System Amm pip-DTC
Cu(ll), ppm 1.0 Cu(ll), ppm 1.0
NH,CI, M 0.3 NH,CI, M 0.3
Dithiocarbamate, mM 20 Dithiocarbamate, mM 2.0
pH 6.6 pH 6.6
S.  Height of the mercury column, Amm Pip-DTC S.No M aximum suppressor, % Current, pA
No cm Current, |C/‘lh Amm Pip-DTC
pA A. Gelatin
1 21 27.00 6.142
0.000 27.00
2 26 26.50 4.257
0.005 16.00
3 31 26.00 3.548
3 0.010 15.00
4 36 25.00 2.596
B. Triton X-100
1 0.000 27.00
0.005 25.20
3 0.010 25.00
TABLE 3: Effect of indifferent cationson Cu(l1)-amm pip-
DTC complex
T
; System Amm pip-DTC
5 Cu(ll), ppm 1.0
(&)
NH4CI, M 0.3
Dithiocarbamate, mM 20
pH 6.6
S. Salt, Current, pA
No M KCl NaCl LicCl caCl,
Amm Pip-DTC
01 oi-z 03 0% 05 1 0.1 23.00 20.00 25.00 22.00
_ _ o TVveseE . 2 02 953 1762 1703 1483
Z'IQ)’W € I\EIBH %{fﬁﬁngﬂ pue'd?e polar ?r?r aphic CWV? of copper 3 03 8.26 1105 1442 11.05
in - medium in the presence of amm pip-
4 4
DTC. Currentrange: 100 A, scanrate : 6 mV/S, pulse am- 4 04 8.14 11.00 14.07 9.59
5 05 7.73 11.00 13.84 9.36

plitude: 50mV, droptime: 1 Sec, copper(11) : 0.001 ppm

ammonium chloridefor Amm pip-DTC wastaken and
the dithi ocarbamate concentration wasvaried from 0.5
to 6.0 mM maintaining thepH of thesolutionat 6.6in
caseof Amm pip-DTC. Thepesk current doesnot vary
linearly with concentration of ligand whichwasatypi-
ca characteristic nature of catalytic waveand obtained
wasshowninfigure4. From theresultsit was observed
that thewave height increased linearly with dithiocar-
bamate concentrationupto 2.0mM for Ammpip-DTC.
With further increasein Amm pip-DTC concentration
thewave height inindependent of concentration and
showsthat the complex was stable. Therefore, 2.0 mM

concentration wasfixed for quantitative studies. Plot of
{[dithiocarbamate]/i p} Vs {dithiocarbamate} was
straight line (Figure 5) and confirmsthat adsorption
phenomenon wasinvolved in the electrode reaction
Process.

Effect of mercury pressure

Theheight of themercury columnwasvaried and
thepolarogram of copper (1.0 ppm) in quantitative ex-
perimental conditionsare noted. It wasfound that the
catayticcurrent aswel| asic/vh decreased with theheight
of themercury columnindicating that the current was
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TABLE 4: Determination of Cu(l1) with amm pip-DTC in water samplesaround Tirupati, Chittoor Digtrict,A.P.,INDIA. (I)

Industrial Estate; (11) AmararajaBatteries

System Amm pip-DTC System Amm pip-DTC
Cu(ll), ppm 1.0 Dithiocarbamate, mM 20
NH,CI, M 0.3 pH 6.6
Catalytic hydrogen current method(DC) DPP method
Sample® Amm pip-DTC Amm pip-DTC
Cu(lt) added, ppm foui‘é(,"'))pm Recovery(%)+R.S.DP  t-test* f-test** foﬁl”d’(';‘))m Recovery(%)+R.S.DP

0.2 0.248 99.00+2.54 1.18 0.23 0.249 99.50+2.55

0.4 0.480 99.00+2.55 1.06 0.12 0.488 99.50+2.54

0.6 0.715 99.16+2.51 121 0.36 0.718 99.66+2.61

0.8 0.960 100.00+2.96 1.15 0.20 0.960 100.00+2.96

1.0 1.060 98.00+2.31 2.16 0.66 1.100 100.00+2.96

0.2 0.236 98.00+2.30 157 0.50 0.238 99.00+2.42

0.4 0.457 99.25+2 .48 1.09 0.16 0.459 99.75+2.73

I 0.6 0.706 99.33+2.52 1.00 0.09 0.708 99.66+2.61

0.8 0.964 99.25+2 .48 1.15 0.20 0.963 99.12+2.50

1.0 1.090 98.00+2.31 1.30 0.41 1.100 99.00+2.42

a5 ml of the concentrated sampleis used, °Relative Sandard Deviation(n=6). *1% level of significance, **5% level of significance

TABLES5: Determination of Cu(ll) withamm pip-DTC in vegetable samplesaround Tirupati, Chittoor Digtrict, A.P.AINDIA

System Amm pip-DTC System Amm pip-DTC
Cu(ll), ppm 1.0 Dithiocarbamate, mM 20
NH4CI, M 0.3 pH 6.6
Catalytic hydrogen current method(DC) DPP method
Sample® scientific/ local name cu(ll Amm pip-DTC Amm pip-DTC
added, ppm Cu(ll) Recovery(%) . . s ¢ ioqis Cu(ll) Recovery(%)
PP found, ppm  +R.S.D" ttes™ f-tedt found, ppm  +R.S.D"
Abelmoschus esculentus/Ladies finger 10 1.041 98.10+2.28 122 039 1.044 98.40+2.33
Lycopersicon esculentum/ Tomato 10 1.129 98.90+2.75 160 0.65 1.033 99.30+2.60
Coceiniagrandi¢/ Little gourd 1.0 1.97 99.70+2.69 115 022 1.099 99.90+2.81

a5 ml of the concentrated sample is used, °Relative Sandard Deviation(n=6). *1% level of significance. **5% level of significance

catalyticin nature. Theexperimental observationsare
recorded inTABLE 1.

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(l1)-Amm
pip-DTC system for the determination of copper(ll) in
variousenvironmental samples.

The catalytic wave decreases sharply up to 0.005%
gelatin concentration and with further increasein con-
centration of thesurfaceactivematerid, thewave height
was decreased by only about 2%. The peak potential

Hnalytical CHEMISTRY o

shifted towards positive potentia sand thecatal ytic pesk
became round shaped.

Thesuppression of thecatalyticwaveisfoundwith
0.002 to 0.005 % Triton X-100 and was small com-
pared to gelatin. The peak potential shifted towards
positive potentia sin thiscase also. The observations
arepresentedin TABLE 2.

Effect of temperature

The current-voltage curves of Cu(I1)-Amm pip-
DTC systemwasrecorded at varioustemperaturesi.e.
15t045°C. Itwasfound that withincreaseintempera:
turethewave height increased and temperature coeffi-
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TABLE 6: Determination of Cu(l1) in brass(Certified amount
of Cu(%)=67.4

System Amm pip-DTC
Cu(ll), ppm 1.0
NH,CI, M 0.3
Dithiocarbamate, mM 20
pH 6.6

Cu(ll) in the sample, ppm

*Sample/Dithiocarbamate™  Catalytic hydrogen DPP
current method(DC)  method
Amm Pip-DTC 67.3 67.4

cient valuedecreased gradually. Thecurrent, i_became
compl etel y temperatureindependent above 30°C.

Effect of copper (1) ion concentration on peak cur-
rent

At fixed concentration of Ammpip-DTC and am-
monium chlorideadjusting pH to their optimum values,
themetal ion concentration was varied between 0.05
to 6.0 ppm and the proportionality of the peak current
wasstudied. Theresult obtained wasgiveninfigure6.
The peak current increased linearly with copper con-
centrationintherange0.05to 6.0 ppmandthecaibra
tion plot wasshown in figure 6. The method suggests
that the determination of micro amountsof copper was
possibleinunknown samples. It isobserved that there
was no changein the shape of thewavethroughout the
copper concentration range studied.

Effect of indifferent cations

The effect of neutral salts and replacement of
monovalent cationswith divalent cationsleadsto the
changesboth inthe height and the potentid of the cata
Iyticwave. Threealkali chlorides, potassium, sodium
and lithium and biva ent cation, calciumareused. With
increasein concentration of chloridethewave height
decreased continuoudy and the decrease of wave height
in calcium chlorideis more compared to monoval ent
chloridesasindicated inthe TABLE 3 and figure 7.
Thepeak potentia was shifted towardsless negative
potentiaswithal cations.

Applications of the catalytic method to real
samples

The catalytic polarographic method for the estima:
tion of Cu(Il) usngAmm pip-DTC asreagentswas ex-

—— Fyll Peper
tended to theandysisof water, vegetablesand dloys.
Water samples

Onelitreof thewater samplescollected from In-
dustrid estateand Amarargjabatteries(Tirupati town,
Chittoor Dt.) was preconcentrated to 100 ml.

Vegetable samples

3.5 gof vegetable sampleswere collected from | o-
cal sourcesand digested by dry ash method. Themass
was made up to 100 ml with doubledistilled water.

Alloy samples

Standard sample of Brassisbrought into solution
by standard procedures.

Aliquots of the above sample solutionsaretaken
and quantitative experimenta conditionsaremaintained
and the sol utions are polarographed. Standard addi-
tion method was used in case of analysisof Cu(ll) in
drinking water, vegetablesand aloys. Theresultsob-
tained by thismethod are further supported by differ-
entia pulsepolarography and itscurvewasshownin
figure 8. The devel oped method was compared with
the DPPmethod interms of Student’s ‘t -test and Vari-
anceratio ‘f -test as shown in TABLES 4 t0 6. The
anaytical datasummarizedin TABLE 410 6 suggest
that the percentage of Cu(l1) recovery from drinking
water, vegetable and aloy rangesfrom 95.00to 100.00
% with R.S.D(%)=2.15which wasfacile, morereli-
ableand sensitive.

The present method for copper(I1) inthe presence
of Amm pip-DTCinNH,CI-NH,OH mediumisfound
tobesengitive, selective, specificand rapid and may be
successfully applied for theanaysis of copper various
samplesof environmenta importance.

CONCLUSIONS

Itisevident from TABLE 4 to 6 that the proposed
method issimple, sensitive, rapid and reproducible.
More over the method do not invol ve el aborate clean
up proceduresasit requires by the other methods. The
obtained resultswerein good agreement with differen-
tial pul se polarographic method. Hence, the method
described here serves asgood additiona techniquefor
the estimation of Cu(ll) in variouswater, vegetables
andalloys.
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