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ABSTRACT

Thefeasibility of acarbon paste el ectrode(CPE) for practical usein analy-
sis of cobalt(ll) was investigated. The procedure involves an accumula-
tion of cobalt on a 5-[(4-chloro phenyl) azo-N-(4'-methyl phenyl)]salicyl
aldimine modified CPE, followed by medium exchangeto a ‘clean’ solution
where the accumulated Co(ll) was oxidized and then a stripping
voltammetric reduction current of cobalt(l11) was measured at the 150mV
versusAg/ACI. The optimum conditionsfor determination of cobalt were
found to be 0.09mol/I, NH,(pH=10.60) as accumulation medium, 180s ac-
cumulation time in open circuit condition and stirred sample solution,
0.1mol/l KOH asmeasurement medium, and 3% ligand in the composition
of electrode. Therelative standard deviationsfor 5 successive determina-
tionswere5.55% and 7.05% for 1.00x10mol/l and 1.00x10*mol/I cobalt(l1)
respectively. The detection limit was estimated to be 8.90x10®mol/I(5.25
ppb). Excess amounts of Cu(l1) interfering with cobalt peak were precipi-
tated by potassium hexacyanoferrate(ll) in acidic solution. The devel-
oped method was tested by analyzing areference sample(Canadian certi-
fied reference materiad sNICK EL-COPPER-COBALT ORE SU-1a) and then
applied to determine Co(l1) in natural water and welding electrode samples
tion was found to be 20 and 4ng/ml for CT and AM respectively.
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INTRODUCTION

Although cobalt at trace levelsisan essentia ele-
ment for thefunctioning of many vitd processesinplants,
animalsand humans, however, it can betoxic at higher
concentrationg¥. Alsoitisanimportant e ement for fab-
rication of hard dloys. For thisreason, it oftenrequires
methods capabl e of quantitatively monitoringitspres-
enceat tracelevesinthenaturd environment, and vari-

ousother red samples. A variety of andytica techniques
including spectrochemical and e ectrochemical meth-
ods have been utilized to determine cobalt in real
samples?8, Amongst thevariousanaytical methods,
adsorptivedtri pping voltammetry techniqueusing modi-
fied dectrodesisbecoming awidely accepted anal yti-
cal tool, asahigh sensitive and economic methodin
determination of someionsin real sampleg*691,
Although these determinationsby adsorptivestrip-
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ping havevery good detection limits, the adsorptive
stripping peaks usually occur at high negative
potential s(in theregion of -1.0V or even more nega-
tive). Inreal samples, operationsat such highly nega-
tive potential sinvol ve ahigh probability of occurrence
of interferencesfrom the coexisting substances. Chemi-
cdly modified el ectrodeswith surfaces specificaly de-
signed for the ability to react with and bind thetarget
solute have attracted considerabl e attention for their
applicationinanaytica chemistry!?>%, Coupledwitha
medium exchangestep, additiond discrimination aganst
background interferentscan be achieved.

Amongst CMEs, carbon paste d ectrodeshavelow
background current, wide range of usable potential,
rapid renewability and easy fabrication*4*, Several
studies on the use of modified carbon paste el ectrodes
for selective and sensitive determination of meta ions
have been reported, however thereareafew reportsin
theliterature onthe use of MCPEsfor Co(ll) determi-
nation*7,

Inthe present articlewereport the application of a
new M CPE for Co(I1) determination by cathodic ad-
sorptive stripping voltammetry. 5-[ (4-choloro phenyl)
azo-N-(4'-methyl phenyl)]salicyl adimine Schiff base
was chosenasmodifier to determine Co(ll) becauseit
isnew, and never been studied for Co(l1), hasagood
ability for complexing Co(I1) selectively and haslow
solubility inwater. Weinvestigated the optimum experi-
mental conditions, reproducibility of the method and
theinterference effectsof diverseionsfor the determi-
nation of Co(ll). Finally, the method was applied to the
determination of cobalt in natural water and welding
electrode samples.

EXPERIMENTAL

Reagents

All of thechemicdsusedwereof AR grade. A stock
solution of Co(11)(1.00x10moal/l) wasprepared by dis-
solving cobdt(l) nitrate(Merck) indoubly didtilled water.
Thiswasstoredin adarkened glassbottle. Moredilute
cobalt(Il) standardswere prepared daily by dilution of
the sol ution. Britton-Robinson buffer was obtained by
first preparingamixture of phosphoric, acetic and bo-
ricacids, each 0.04mol/l. ThisB-R acid mixturewas
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thentitrated to therequired pH with sodium hydroxide.
Thegraphite powder(Huka), paraffin(boiling range 300-
400°C Merck) and 5-[(4-chloro phenyl) azo-N-(4'-
methyl phenyl)]salicyl aldimine(was prepared accord-
ing to method cited in reference 18) wereused asre-
ceived for fabrication of CPE and MCPE.

Apparatus

Cathodic stripping voltammogramsand dso cyclic
linear sweep voltammogramsfor characterization of
M CPEswereobta ned with a746 el ectrochemica ana-
lyzer, Metrohm Switzerland. A one-compartment el ec-
trochemical cell with athree-electrode configuration
containing 10ml of 0.1mol/l KOH supporting el ectro-
lyte served asthe measurement cell. A platinumwire
was used as the counter electrode and the reference
was an Ag/AgCl electrode. pH measurements were
madewith aHoribainstrumentsmodel M-12.

Electrodepreparation

5-[(4-chloro phenyl) azo-N-(4'-methyl phenyl)]
sdlicyl ddiminecoated graphite powder(for 1%to 5%
wi/w) were prepared by dissolving weighed amount of
5-[(4-choloro phenyl) azo-N-(4'-methyl phenyl)]sdicyl
adiminein CH,Cl,, adding the required amount of
graphite powder, and stirring thed urry thusformed until
essentidly all the sol vent had evaporated. A completely
dry powder was obtained by keeping the mixture at
30°C for 24hr. The chemically modified carbon paste
el ectrode was made by first thoroughly mixing of 0.59
coated graphite powder and 0.1ml of paraffinoil ina
mortar . The unmodified carbon paste electrode was
constructed by graphite powder and paraffin oil toa
ratio of 5/1(w/V).

El ectrode bodiesweremadefrom Teflon(4mmi.d.),
thetips of which had been cut off with arazor blade.
Smooth surfaces were obtained by applying manual
pressureto the copper piston(which connect the elec-
trical contact to the paste) while holding the el ectrode
surface against a smooth, solid support. Fresh elec-
trode surfaceswere obtained by squeezing out small
amount of paste, scraping off excessand smoothingon
apieceof giff, white paper until thesurfacehad ashiny
appearance.

Analytical procedure
In each determination cobdt(l1) was accumul ated

Au Tudian Yournal



ACAIJ, 7(2) January 2008

Mohammad Reza Nateghi et al. 91

at opencircuit, by immersingthemodified electrodein
25.00ml of astirred 0.09mol/I NH,, solution containing
Co(Il) for 3minaccumulationtime. Thee ectrodewas
then removed, rinsed with water and placedintheelec-
trochemical cell containing deaerated 0.1mol/I KOH
solution. Differentia pul sevoltammetric experiments
were performed after the oxidation step at apotential
+0.40V for atimeinterva 30s, without stirring.

Prepar ation of samplesfor cobalt deter mination

A standard sampl e used for method testing contained
thefollowing condtituents: Ni(12330+80), Cu (9670+50),
Co(410+10), Ag(4.3+0.3), Pt(0.41+0.06), Pd(0.37
+0.03), where the number in brackets are the concen-
trations, in pg/g. Thissamplewas prepared by weight-
ing 0.2ginto acalibrated flask and makingto mark with
0.09mol/I NH,,

Natural water sample

24.0ml of naturd water samplewastakeninabea
ker. Concentrated ammoniawas added to adjust the
pH on 10.6. After 2hr the samplewasfiltered and again
the pH adjusted by adding required amount of 0.09
mol/I NH..

Welding electrodesample

1.59g of electrode was covered with 20ml of 1:1
HNO, and dlowed to stand 20minuntil dl of sampleis
dissolved. Concentrated ammoniawas added to ad-
just the pH on the 10.6. After 2hr the samplewasfil-
tered. 5.0ml of thefiltered solutionwastransferredtoa
beaker and potassum hexacyanoferrate(l1) was added
to precipitatethe Cu?* interferingions. Thesamplewas
filtered and transferred to a50ml volumetric flask and
made to mark with 0.09 mol/l NH,. The cobalt con-
centration was then determined by the optimized
method.

RESULTSAND DISCUSSION

Figure 1 showsthe CVsat the CPE and modified
CPE in 0.1mol/I KOH after preconcentration in the
blank and 2.0x10°mol/l Co(ll) accumulation solutions
with 3minaccumulation. The presence of acathodic
peak at Epc:+0.158mv isclear whenthe MCPE was
employed for theopen circuit accumul ation(Figure 1c)
whichisavery reasonable evidencethat the presence
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Figure 1: Cyclicvoltammogramsin 0.10mol/l KOH. Open
circuit accumulation in 0.09 mol/l NH ; t =180s, (a) CPE,
no Co(l1) in accumulation medium; (b) CPE, 2.00x10°mol/
I Co(Il) inaccumulation medium; (b) MCPE, noCo(l1) in
accumulation medium; (c) M CPE, 2.00x10°mal/l Co(l1)in
accumulation medium; scan rate=50mV/s. Cathodic cur -
rentsarenegatively polarized.

of 5-[(4-chloro phenyl)azo-n-(4'-methyl phenyl)|sdicyl
adimineinthe M CPE enabled the preconcentration of
Co(ll) at the el ectrode surface.

Although theanodi ¢ pesk was potentialy moresen-
sitivethan cathodic peak, in order to the better selec-
tivity, an oxidation step was employed followed by ca-
thodic voltammetry for subsequent works.

Effect of carbon paste composition
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Theeffect of composition ratios of 5-[(4-chloro
phenyl) azo-N-(4'-methyl phenyl)]sdicyl ddimineto
carbon powder(w/w %) from 1.0% to 5.0% on the
peak current was studied. Maximum current was ob-
served when the 5-[ (4-chloro phenyl) azo-N-(4'-me-
thyl phenyl)]salicyl aldimine content in the pastewas
3%. Higher concentrations(>3%) of ligand decreased
the voltammetric signal which can be possibly attrib-
uted to theincrease of electrode resistance. Hencea
3% 5-[(4-chloro phenyl) azo-N-(4'-methyl phenyl)]
sdicylddimineloadingwasemployedinadl subsequent
experiments.

Effect of accumulation and stripping media

Various mediaincluding acetate buffer(pH 3.39,
4.93 and 5.00) citrate buffer(pH 3.09, 4.98) and B-R
buffer(pH 5.50), 0.1mol/I NH,Cl, 0.1mol/I NH,CH,
COO, 0.1mol/l KOH, 0.1moal/lI sodium borate(pH
9.13), 0.1mol/l NH,(pH 10.35), 0.1mol/l sodium
carbonate(pH 11.01), borate buffer(pH 10.09), B-R
buffer(pH 9.37, 10.36), NaHCO,-NaOH(pH 10.06),
phosphate-borax buffer(pH 9.00), anmoniaammo-
nium chloride buffer(pH 9.77, 10.51) and ammonia
ammonium carbonate buffer(pH 8.64, 9.72) weretested
for Co(Il) accumulation and no voltammetric peskswere
observedinacidicor neutra media. Thebest sensitivity
was obtained with NH,, and thiswas chosen for further
studies. Theammoniaconcentration of theaccumula-
tion medium was optimized and found to be 0.09mol/|
(Figure2).

Solutions of HNO,, HCI, H_SO,, HCIO,, KCl,
KOH, NH,, Na,CO,, NaNO, and NaClO, investi-
gated for thedifferential pulsevoltammetry. Theaka
linemediawere more suitable comparedto theacidic
and neutral mediain termsof sengitivity. Amongst the
basic media, 0.1mol/l KOH wasfound to be the most
suitable supporting el ectrolyte. The concentration of
KOH wasvaried from 0.03M to 1.0M with other pa-
rameterskept constant. The peak current wasfound to
increase with the concentration of KOH up to 0.5M.
Theredox potentia of the Co''/Co'"' coupleshifted to
more positive valueswith decreasing OH™ concentra-
tion. It was observed that as KOH decreased from
1.0M t00.03M, the peek potentid increased from 0.235
V 10 0.045V. Thiscould explain the decrease in peak
height at |low concentration end of figure 3. Since, the
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Figure 2: Plot of differential pulsevoltammetric peak cur-
rent versusconcentration of NH, inaccumulation medium:
3% ligand; accumulation, ammonia solution containing
1.00x10“*mol/l Co(ll); differential pulse voltammetry,
0.10mol/l KOH; t,=180s, t =30 s, E;=E= 0.30V; Scan
rate=10mV/s.
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Figure 3: Plot of differential pulse voltammetric peak
current versus concentration of KOH in voltammetric
medium: 3% mol/mol ligand accumulation, 0.09M NH,
containing 2.00x10°M C0o''; differential pulseVoltammetry

applied oxidation potentia of +0.40V may not be suf-
ficient for compl ete oxidation of theaccumulated Co'.
Thehigher solubility of ligand at high concentration of
K OH causesdeterioration of thed ectrode surfaceand
decreasesthepeak height. Inal further studies, 0.1M
K OH, was sdl ected asthe optimum concentration.

Effect of oxidation potential, oxidation timeand
accumulation time

Thedifferentid cathodic pegk currentincreased with
increas ng oxidation potential and reached amaximum
at about +0.40V. Potentialslessthan +0.40V not be
aufficient for complete oxidation of Co' and potentids
morethan +0.4V can causestheirreversible oxidation
of ligand. Hence+0.4V wasthe potentia of choice. A
30s oxidation time at this potential wasfound to be
suitablefor compl ete oxidation of accumulated Co'.

Accumulation of the complex was carried out for
different periodsfrom 30 sto 420 s. Initidly, therewas
anincreaseinthepeak current however equilibriumwas
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Figure 4 : Plot of differential pulse voltammetric peak
current versus accumulation time, t_: accumulation,
0.09mol/I NH, containing(#) 5.0x10°mol/l Co(l1)(m)
5.0x10°mol/l Co(I1)(a) 5.0x10*mol/l Co(Il); DPV 0.1mol/
| KOH. All other parameterssameasfor figure2
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Figure5: Differential pulse cathodic voltammogramsat
theM CPE; accumulation medium standar d sample con-
taining, 0.09moal/l NH, by standar d addition method; DPV
0.1mol/IKOH

TABLE 1: Deter mination of Co(l1) in standar d(ORE SU-1a)
natural water, electrodewe ding

Co Co Spark-
Sample  (Proposed (GF. AAS) emission  Certified
method) ) Spectr oscopy

Standard

(ORE SU-19)  3%6M0/9 410ug/g
19 18.04

Natural water

ocrod ppb(ng/ml)  ppb(ng/ml)

Electrode

welding 111199 108u9/g

reached in about 180s(Figure4). Therefore, thetime
for accumulation was kept 3.0min for the present
method. Obviously, the rate of accumulation of Co"
decreaseswith decreasing the concentration of cobalt(l1)
and moretimeisneeded for completeaccumul ation of
the analyte. Under the optimum conditions, two por-
tionsof good linearity were observed in the concentra-
tion rangesfrom 9.0x107 to 9.0x10°mol/l and 1.0x
10°t0 3.0x10*mol/l. Theequationsof regressionlines

—= Fyll Poper

ae
Ip(pA)=1.1989C(u M) -1. 3554 r =0.9936(10 points)
Ip(nA)=12.304C(pn M)+3.0946 r =0.9958(7 points)
Thedetection limit calculated as 3-timesthe stan-
dard deviation of the blank, wasfound to be 5.25 ppb.
Thereproducibility of the CME preconcentration
gpproach wasevduated intwoways. Firgt, theandyti-
cal responsesobtained after 180 saccumulation from
5.0uM Co' inNH, solution were measured and com-
pared for aseries of different CME surfaces. Fresh
el ectrode surfaceswere generated s mply by scraping
off the old surface and smoothing the newly exposed
layer of pasteon aglassy paper. Alterndively, thesame-
initially conditioned-€l ectrode surface, subjected after
each accumulation/oxidation-reduction cycleto the
EDTA or nitric acid cleaning solutions. Theresulting
reproducibility computed astherelative standard de-
viation of 10 consecutive measurementsfor each man-
ner, was 5.55% and 7.05% respectively, and indicates
thesuperiority of the scraping regeneration procedure.
Thismay beattributed to the del eteriouseffect of acid
or EDTA on the electrode surface and or dissolve of
ligand-Co'" complex into theaguase sol ution.

I nterferences

Theeffect of variousionson the peak current was
determined at 2.0x10“M concentration. It was ob-
served that Ca(Il), Ag(l), Cd(I1), Mn(I1), Sn(ll), Mg(ll),
Al(IN), Bi(111), Ba(Il), Fe(l11), Sb(l11), As(111), Cr(l11),
V(I1), Si(1V), Zn(11), Be(I), Ni(ll), W(IV), Na* and
Po(11), did not interfere, even when present in 20-times
excess of Co(ll). However, the presence of 2.0x10*
M Cu(ll) and Ce(I11) caused depression of the Co(l1)
peak. Interferencefrom Cu(ll) ionscould bediminated
by adding ferrocyanide and precipitation of Cu(ll) ion
inacidic pH, filtration and then adjusting thesample pH
at desiredlevel by NH.,

Practical applications

The above-devel oped method was applied to the
determination of Co(ll) inastandard sample, natura
water and welding electrode. The concentration of
Co(ll) inthe samples was determined by the standard
addition method(Figure5). Threedeterminationsware
made on each addition, theresultsare summarizedin
TABLE 1. Theexperimental values correspond with
the values obtained from the method of GFAAS and
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gpark emission spectroscopy.

CONCLUSION

Our investigations show that the ppb level sof co-
balt can bedeterminedin rea samplesby anew chemi-
caly modified CPE using 5-[ (4-chloro phenyl) azo-N-
(4-methyl phenyl)]sdicyl adimineasmodifier by dif-
ferentid pulsecathodic voltammetry. Comparedto other
maodified dectrodefor determination of Co(ll), our elec-
trode hasacomparabledetection limit and isnot inter-
fered so strongly by other metd ions.
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