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Abstract

A sensitive method of Co(ll) determination by adsorptive stripping voltammetry is presented. The method exploits the enhancement of
cobalt peak current observed in the system Co(ll)-nioxime-cetyltrimethylammonium bromide-pipe¥aXifs(2-ethanesulfonic acid).
The calibration plot for an accumulation time of 60 s is linear from $0-* to 3 x 10-°mol L. The relative standard deviation is 3.8% for
Co(ll) determination at concentration<110-° mol L~2. The detection limitis 1.% 10~ mol L~*. The validation of the method is performed
by the analyses of certified reference materials and comparing the result of Co(ll) determination in river water sample by the proposed method
with those obtained by ET AAS. The main advantage of this new system is the micro-trace Co(ll) determination by adsorptive stripping
voltammetry, as compared to those described before, a low concentration of the supporting electrolyte used, and so commercially available
reagents without additional purification can be used.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction alytical signal is usually between 0.1 and 0.5 mof|and
the Co(ll) impurities in this reagent cause a high blank level.

In environmental and biological samples, cobaltis present Only in paper[17] a low blank was obtained as a result of
at a trace level. Because it is an essential trace metal and nupurification of nitrite by prolonged electrolysis at a mercury
merous methods for its determination including spectropho- pool electrode.
tometry [1], atomic absorption spectromet{g,3], induc- The present paper describes a new catalytic system
tively coupled plasma mass spectromg#yand adsorptive  for Co(ll) determination by AdSV. In this system, Co(ll)-
stripping voltammetry (AdSV) have been described. AdSV nioxime reduction current was enhanced by the simultaneous
is a suitable technique for determination of traces of Co(ll) presence of cetyltrimethylammonium bromide (CTAB) and
because ofits high sensitivity and low cost of instrumentation piperazine-N,Nbis(2-ethanesulfonic acid) (PIPES). In this
used. Many procedures have been proposed for Co(ll) detersystem the concentrations of contaminants in the support-
mination using HMDHS5], mercury film[6], carbon past§7] ing electrolyte are low and commercially available reagents
and bismuth film electrodg8,9]. Although, different com-  without additional purification can be used.
plexing agents have been employed for the accumulation of
Co(ll), its dioxime complexes have gained wider use. To ob-
tain a lower detection limit of Co(ll) determination, by AdSV 2. Experimental
catalytic processes in the presence of nitrite were exploited
[10-17]. The concentration of nitrite used to enhance the an- 0.2mol "1 PIPES buffers (pH = 7.4) were prepared

by dissolution of piperazine-N;Mis(2-ethanesulfonic acid)
* Corresponding author. Tel.: +48 81 5375592; fax: +48 81 5333348.  obtained from Fluka and an adequate amount of Tracepure
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NH4OH or Suprapure NaOH obtained from Merck. trace concentrations of cobalt by AdSV. In pap&317,18]
0.2mol L~ HEPES buffer (pH = 7.4) was prepared by dis- in order to enhance the analytical signal of Co(ll), a catalytic
solution ofN-2-hydroxyethylpiperazine/N2-ethanesulfonic ~ process in the presence of nitrite was exploited. In this paper
acid and Tracepure NfOH. 0.1mol L1 nioxime (1,2- a new catalytic system is described. Our experiments show
cyclohexanedione dioxime) was prepared by dissolving the that the analytical signal of the accumulated Co(ll)-nioxime
reagent in 0.3 molt* NaOH (Suprapure, Merck). A stan- complex can be enhanced by the simultaneous presence of
dard solution of Co(ll) with a concentration of 1 gt was the CTAB and PIPES buffer, so the optimization of the pro-
obtained from Fluka. 0.5% solution of cetyltrimethylammo- cess was performed to obtain a low detection limit of cobalt
nium bromide was prepared by dissolution of the reagent determination in this new system.

(Aldrich) in 0.1 mol L~ H,SQy. Other reagents were ob-

tained from POCh, Poland, and used as received. Certified3.1. Supporting electrolyte

reference materials: estuarine water SLEW-3 and rain wa-

ter TMRAIN-95 were obtained from the National Research Determination of Co(ll) by AdSV is usually carried outin
Council, Canada. All solutions were made using triply dis- ammonium chloride—ammonium hydroxide buffer solution.

tilled water. In the new system described in this paper, the presence of
PIPES in the buffer solution is necessary to observe the en-
2.1. Instrumentation hancement effect of the Co(ll) signal, so the PIPES buffer was

used as the main component of the supporting electrolyte.
The measurements were performed using an EA 9 elec-To enhance buffer capacity in a wider range of pH values,
trochemical analyzer and a controlled growth static mercury a HEPES buffer was added to the supporting electrolyte.
drop electrode in the HMDE mode, both made by MTM, To study the effect of the pH of the supporting electrolyte
Poland. The three-electrode classical cell consisted of an Hgon the cobalt signal, a concentration of Co(ll) equal t 5
electrode, a Pt electrode and an Ag/AgCl reference electrode10-1° mol L~ was chosen. The change of pH was obtained
was used. The Hg drop area was 2.5%nithe solutionswere by adding BSO; or NH;OH. The obtained results are pre-
de-aerated using high-purity nitrogen. UV-irradiation of wa- sented inFig. 1A. For further studies pH of the electrolyte
ter samples was carried out in quartz tubes using the UV- 7.0+ 0.1 was chosen. It must be noted that ammonium salts,

digester made by Mineral, Poland. commonly used as buffer components for Co(ll) determina-
tion by AdSV can be exchanged in this case for sodium salts

2.2. Sample preparation without a decrease of the sensitivity of cobalt determination.
To choose optimum concentration of the PIPES buffer its

The river water sample was filtered using a Q4B mem- influence on the Co(ll) signal was studied and the obtained

brane filter and acidified to pH close to 2 using Suprapure results are presented Fig. 1B. For further studies a con-
HNOs. The river water sample and the samples of stan- centration of PIPES equal to 0.002 moltwas chosen. The
dard reference materials were digested by UV-irradiation results obtained show that in the studied system, Co(ll) deter-

for 3h. minations can be carried out at very low concentrations of the
supporting electrolyte. It was an advantage of the proposed
2.3. Standard procedure method because Co(ll) present as impurity in the reagents to

a lesser degree influences the blank value. The presence of
An aliquot of the analysed sample was pipetted into the C,HsOH in the supporting electrolyte leads to better preci-
electrochemical cell and filled up to 9.3 mL with triply dis- sion of the measurements.
tilled water. Then 25@.L of CoH50H, 100uL of HEPES
buffer and 10GwL of PIPES buffer were added. Next, pQ 3.2. Effect of nioxime concentration
of 0.1 mol L~ of nioxime and 20Q.L of 500 mg L-1 CTAB
were added and the solution was de-aerated for 5min. Amer-  Effect of nioxime concentration was studied for Co(ll)
cury drop was formed and the accumulation of cobalt was car- at concentration of 5 10-1%mol L~1 while other standard
ried out at—0.6 V for 60 s from the stirred solution. Afteran measuring conditions remained constant. The concentration
equilibration time of 5 s, the differential pulse voltammogram of nioxime was changed from6 10 6to 1 x 10~*mol L.
was recorded, while the potential was scanned frelxi7 to The obtained results are presentedrig. 1C. For further
—1.2V atascan rate of 50 mV'$. The pulse amplitude was measurement, nioxime concentration of 2.30-° mol L1
—50 mV. was chosen. It must be noted that the measurements were
carried out 5 min after the addition of nioxime to the studied
solution. In the literature, usually lower concentrations of
3. Results and discussion nioxime are recommenddd?,18]; however, in such cases
the time of Co(Il) complex formation with nioxime should be
The accumulation of the Co(ll)-nioxime complex on the prolonged. The concentration of nioxime influences a blank
HMDE was exploited in a number of papers to determine value so high concentrations of nioxime can not be used for
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Fig. 1. Theinfluence of: (A) pH of the supporting electrolyte; (B) PIPES concentration; (C) nioxime concentration; (D) CTAB concentration and (E) accumulation
time on the cobalt peak current. For A, B, C, and D, concentration of Co(lIxis6~1%mol L. For E, concentration of Co(ll) is (a) 10 1%mol L~1 and

(b) 5x 107 19mol L1,

the determination of Co(ll) at concentrations close to the that the Co(ll) peak suddenly increases as CTAB concentra-

detection limit.

3.3. Effect of CTAB concentration

tion increases from 0 to 2 mgi! and then attains maximum
at CTAB concentration of 5mgt!. At higher concentra-
tions of CTAB the peak current of Co(ll) slowly decreases.
The results show that to enhance the Co(ll) signal in AdSV,

The measurements were carried out using standard conthe concentration of CTAB in the range from 2 to 50 mgL
ditions but CTAB concentration was changed from 0 to should be added to the supporting electrolyte. If not marked,
50mgL~1. The influence of CTAB concentration on the a concentration of CTAB equal to 10 mgt was used in

Co(ll) peak current is presentedhiig. 1D. The results show

further studies.
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3.4. Effect of accumulation time Zn(11), Cu(ll), Pb(ll), Fe(lll), As(lll), Mn(ll), Mo(VI) and
] ] ) V(V); 102-fold amounts of Ni(ll). In the case of higher Ni(ll)
Effect 01_‘ accumulation time was studied for two Co(ll)  concentrations, the accumulation potential should be changed
concentrations: x 107*° and 5 x 10 '°molL"*. The to —0.79 V. As can be suspected, the presence of the surfac-
results obtained are presentedHiy. 1E. For both Co(ll)  tants causes a depression of the cobalt peak, e.g., in the pres-
concentrations, the peak current increases rapidly with ence of 2 mg 2 of Triton X-100, the cobalt peak decreases
accumulation time to 60s. For longer accumulation times tg 139 of its original value. The addition of EDTA to the sam-
the Co(ll) peak current increases slowly and the gain in pje solution at a concentration510~5 mol L~ causes a de-
sensitivity is small. Taking into account, the speed of the cay of the cobalt peak. The obtained results show that before
measurements an accumulation time of 60 s was chosen forynalysis by the proposed method the sample should be min-
further measurements. eralized. The results are in accordance with those presented
in papers[18,19], where scrupulous mineralization before

3.5. Analytical parameters cobalt determination by AdSV is strongly recommended.

The influence of Co(ll) concentration on the peak ) o
current was studied for two concentrations of CTAB: 2 and 3:7- Analytical applications

10 mg L1, For both concentrations of CTAB, the calibration o ]
plots for an accumulation time of 60s were linear from  For determination of Co(ll) in real samples, the PIPES
5 % 102 to 3 x 10-2molL-L. The linear correlation  Puffer in sodium form and CTAB at concentration 2mg'L

coefficients were equal or higher than 0.9996. The blank Were used. ltwas observed that the current of the cobalt peak
value corresponds to 2.& 10-molL~1. The relative slowly attains the final value in ca. 20 min if the sample is
S.D.s from five determinations were 3.8 and 11.2 % for alkalysed before measurement to pH values distinctly dif-
Co(ll) concentrations 1x 10~ and 5x 10~ molL"t, fer from that corresponding to the optimal one. The above
) observation shows that to shorten the analysis time the sam-
concentrations are presentedfifg. 2. The detection limit ~ PI€ solution should be alkalysed to the optimal pH value. Itis
estimated from (3pfor Co(ll) concentration 5 10~ was p055|bleth§1t at_the optimal pH value the Co(ll)-nioxime com-
1.7 x 1002 molL~-L. The detection limit can be further Pl€xformationis a preferential process as compared to other
lowered by prolongation of the accumulation time and/or POSSible processes, e.g., the formation of other complexes
using lower concentrations of nioxime. with the complexing agents remaining at the trace level in
the mineralised natural sample or co-precipitation of Co(ll)

respectively. The voltammograms obtained for low Co(ll

3.6. Interferences on hydroxides of other metals present in the sample. The in-
fluence of Co(ll) and Ni(Il) complexation by ammonia on the
The determination of Co(ll) at concentration % analytical signal of these ions in AdSV were described in pa-

10~1%mol L=t is not influenced by 1Bfold amounts of  pers[19,20]. Also in papef21] a long period of equilibration

of the sample with nioxime was used before Co(ll) determi-
nation in seawater sample by AdSV. A stabile signal of Co(ll)
in a short time in the case of analysis of real samples can also
be obtained if the temperature of measurements is raised to
30°C. The method proposed was applied to the determina-
tion of Co(ll) in Bystrzyca river water and in two certified
reference materials of natural water samples. The results of
Co(ll) determination by the proposed method are presented
in Table 1. Adsorptive stripping voltammograms obtained in
the course of Co(ll) determination in estuarine water are pre-
sented irFig. 3. The second peak on the voltammograms cor-
respond to Co(ll) and is well separated from preceding peak

-50 -

ilnA]

Table 1
Results of Co(ll) determination in certified reference materials and natural
water sample

Sample Co(ll) concentrationi¢g L1)

E[V] Proposed method Reference value

. . . . SLEW-3 estuarine water 0.040 (0.003) 0.G42.010
Fig. 2. The differential pulse voltammograms for different Co(ll) concen- TMRAIN-95 rain water 0.207 (0.012) 0.22 0.037
trations: (a) 0mol £1; (b) 5x 10~ mol L~1; (c) 1 x 10~ °mol L~1; (d) 2 Bystrzyca river water 0.194 (0.010) 0.180 (0.014)
x 10~19mol L. Supporting electrolyte: 0.004 motf PIPES in sodium

form + 2.5% GHsOH + 2.5 x 10~ mol L~ nioxime + 2mgL=* CTAB. In parentheses S.D.s are giver(5).
Accumulation time is 60's. & Results obtained by ET AAS.
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-550 on the electrode even when high Co(ll) concentrations were
used for measurements.
. b
i[nA]
/ 4. Conclusion

The enhancement effect of the cobalt peak in the sys-
/ tem Co(ll)-nioxime-cetyltrimethylammonium bromide-pip-
| erazine-N,Nbis(2-ethanesulfonic acid) can be exploited for
' /:\ cobalt determination by adsorptive stripping voltammetry.
\ The advantage of this new system is a low concentration of
\ the supporting electrolyte used and so a low blank current
from reagents. The method can be applied to micro-trace
-038

cobalt determination in real samples without an additional

-1.0 BV] -1.2 preconcentration step. Researchin our laboratory is progress-

ing towards expanding the scope and applications of the novel

Fig. 3. The differential pulse voltammograms obtained in the course of Catalytlc system.
Co(ll) determination in estuarine water sample: (a) estuarine water; (b) as
(@) + 1.075x 10~2mol L~ Co(ll). Accumulation time is 120s.
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