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Abstract

D,L-Penicillamine and thiodimethylglyoxime (TDMG) self-assembled monolayers (SAMs) on gold electrode were prepared and characteriz
by electrochemical measurements. The two sensors exhibit sensitive and selective response to Cu(ll), both forming 2:1 complexes, the first o
acetic buffer and the second one in ammonia buffer.

Copper determination at trace level (LOQ 0.2 andy@A- for p,L-penicillamine and TDMG, respectively) is possible with both the electrodes
as verified in tap, spring and sea water. The influence on copper determination of most common ions present in natural waters and of organic m
has been investigated. Accuracy was checked by recovery test on spiked samples.
© 2005 Elsevier B.V. All rights reserved.
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In recent years, a great interest was given to SAM (self- Due tothe environmental and biological importance of Cu(ll)
assembled monolayer) electrodes as tools for voltammetrimany chemosensors for the determination of this ion have been
determination of organic and inorganic compounds, in view ofdeveloped7-9]. Considering a series of compounds of gen-
their advantages over ordinary electrodes: good reproducibikral formula R—CH-SH, sensitivity to Cu(ll) greatly increases
ity, easy preparation, exclusion of toxic component such afrom R=CH3 to R=CH,OH to R=COOH to R=CH,;NH,.
mercury, possibility of introducing on the electrode selec-Among these molecules, cysteamine (HS-EEH,—NH,)
tive functional groups able to bind specific compoufitis3]. exhibits the best results with detection limit less thangd_
Moreover, limitations that are often encountered in electro{7].
chemical determinations at thin polymeric films electrodes, Other substrates which exhibit great affinity for Cu are amino
typically slow diffusion across the film, are minimized in acids: their complexation constant with Cu(ll) is four orders of
SAMs [4]. In particular, the development of SAMs based onmagnitude larger than with any other metal {d®]; surfaces
chemisorption of thiols or disulfide on gold electrode surfacecontaining such functional groups are expected to be selec-
has greatly increased in the last years also for their stabilityive for Cu(ll) determination. In view of this consideration and
[5,6]. with the aim to lower the detection limit, a SAM electrode

Such films are formed simply by dipping the cleaned goldhas been developed using a similar amino acidic complexing
electrode in ethanolic solution of the thio-compound of interestcompound,p,L-penicillamine, which is readily available and
The chemisorption of the —SH onto the gold surface is followectan easily form a monolayer on gold surface through chemical
by an ordering step in which the chains of the molecules co-aligmadsorption.
to form a highly ordered surface film; the entire process requires Starting from the consideration that dimethylglyoxime
generally 10-12 h. (DMG) can form strong complexes with Cu and other met-

als in alkaline medium (pH>8, where oximes are partially
deprotonated), a second SAM electrode was prepared with
its thioderivative (thiodimethylglyoxime, TDMG). It exhib-
* Corresponding author. Tel.: +39 0382 987581. ited good affinity for copper in ammonia buffer. Both SAMs
E-mail address: aprofumo@unipv.it (A. Profumo). have been electrochemically characterized and best working
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conditions for each SAM have been carefully studied anc'HSC HsC i
. 3
optimized. o=NOH  Br, 5 CC=NO'H KPR A C=NO-H
% —— = Na,CO3, EtOH
1. Experimental o= MeOH, 0°C ‘o " g
CHs e CH
| 2
Br
1.1. Materials and methods Br
Measurements were carried out with an Amel 433/W polaro: HsC
graphic analyser equipped with a standard three-electrode c¢ \C—NO-H
: ; P NaSH =
withan Amgl gold glectrode as working electrode (2.0 mm diam- & H-ON=C
eter), aplatinumwire as auxiliary electrode and an Ag/AgCI/KCI cOH i
(4 M KCI saturated with AgCl) reference electrode. Reagent: 1S 2
H

were of the purest grade available purchased from Fluka or C.
Erba and used as received; acetic buffer was purified before
use on Chelex 100 (batch procedure: 30 mL acetic buffer aré3.1. Bromo-monomethyl glyoxime(1)

stirred overnight with 500 mg Chelex 100, purified as previously ~ This compound was synthesized according to a slightly mod-
described11]). Copper diluted solutions were daily prepared ified procedur¢12]. Anhydrous bromine (10.5mL) is added in

in ultrapure grade water (Milli-Q, Millipore) from a standard ©ne time under stirring to a diacetyl monoxime (20 g) solution in
]_OOOMg/mL atomic adsorption Cu(”) solution. All g|assware methyl alcohol (25 ml) cooled in an ice bath. The reaction takes
was carefully cleaned with concentrated nitric acid and Milli- Place immediately and it is vigorous: it must be done in a wide
Q water to avoid ContaminatiOD,L_Penici”amine was used as crucible because foam is formed. When the reaction is finished

received, TDMG was synthesized in our laboratory, as describedPromine colour disappears), ice water is added and the pre-
below. cipitate is filtered and washed with ice water. Dichloromethane

uv digestions were made on an apparatus equipped W|t|‘$ added to the mixture to dissolve all the solid. The Organic
4 x 125 W Hg lampsX{max 254 nm). Samples were UV digested phase is washed with water and dried over magnesium sul-
for 4h, when necessary. FTIR spectra were acquired on Perkiphate. The solvent is evaporated and the product is recrystallize
Elmer Spectrum RX I. NMR spectra were registered onfrom 300 mL boiling hexane (cooling with ice). Yield: 46%, mp
300 MHz Bruker Spectrometer. Inductively coupled plasma83-84'C, MW 179.'H NMR (CD3OD), §: 4.9 (s, 1H, —OH);
mass spectrometer measurements were carried out on a PerKi® (s, 2H, —CH-Br); 1.9 (s, 3H, —CH). IR (thin film, KBr),
Elmer Mod. ELAN DRC-e Instrument, following the standard v: (cm™*) 3383, 1684 1405, 1219, 1019, 944, 869, 752. EI-MS,
procedures suggested from manufacturer. Sea water was am#lz: 177-179 ") caution! The compound is lachrymatory and
lyzed by ICP-MS after copper preconcentration on Chelex-10@trongly irritant!
resin[11].

1.3.2. Bromo-dimethylglyoxime (II)
1.2. Electrodes preparation This compound was synthesized according to a slightly mod-
ified procedurd13]. To an ethanolic solution oflf (0.2 mol in

The gold disk cross-section exposed (diameter 2.0 mm) wat20 ml EtOH 95% (v/v)), 20.7 g hydroxylamine hydrochloride
abraded with successively finer grades of alumina (from 1 t@re added. When all the solid is dissolved, 16 g of finely pulver-
0.05um) and then rinsed with water and briefly cleaned in anized anhydrous sodium carbonate are gradually added.i€O
ultrasonic bath to remove trace alumina from the surface. evolved.

SAMs were prepared by dipping the cleaned gold electrode After 24 h standing under magnetical stirring, EtOH is evap-
in 5mM ethanolic solution ob,L-penicillamine or TDMG for ~ orated at reduced pressure and the residue is dissolved in 200 ml
12 h: the electrode is then rinsed with ethanol and water beforoiling water: in this way if diacetyl monoxime was still present

use. in (1), dimethylglyoxime formed during this step will separate
on standing (NMR done on separated solid showed the identity
1.3. Synthesis of thiodimethylglyoxime of the compound). The solution is filtered and water is elim-

inated at reduced pressure. The solid obtained is dissolved in
This compound was synthesized as described below. Inte250 mL boiling toluene, the solution filtered and cooled withice.
mediates and final products were characterized by MS, NMHBromo-dimethylglyoxime separates as needles that are collected
and chromatographic techniques. The reaction scheme is tier Buchner and washed with cold toluene. Yield: 47%, mp
subsequent: 142-143C, MW 195.1H NMR (CDsOD), 5: 4.9 (s, 2H, —OH);
4.3 (s, 2H, —-CH-Br); 2.0 (s, 3H, —CH). IR (thin film, KBr), v:
(cm~1) 3434, 1640, 983, 920, 910. EI-M&/z: 193-195 y1*).

1.3.3. Thiodimethylglyoxime (III)
1.5g of (ll) are dissolved in 40 ml water and 20 ml EtOH.
2.4 g of sodium hydrosulphide hydrate (containing 70% NaSH)
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are added. The solution is let stand for 1 day in a closed con- 14
tainer at room temperature. The white-cream solid separated is 09 1
collected over Buckner and washed with cold EtOH:water 1:3. 08
The compound is recrystallized from EtOH:water 1:3 (40 ml g;
for each gram of compound). The compound slowly oxidizes o . |
to disulphide on exposing to air. Yield: 0.9 g, 80%. mp 203 -y
(decomposition), MW 148.1#H NMR (dg-DMSO), 5: 11.8 (s, 03 4
1H, —OH); 11.5(s, 1H, —OH); 3.9 (s, 2H, —GHS); 1.9 (s, 3H, 02 4
—CHg). IR (thin film, KBr), v: (cm™1) 3433, 1650, 988, 915. 0.1 -
EI-MS, miz: 147 (™). 0 ; : y . :
o} 100 200 300 400 500

2. Results and discussion
Fig. 1. Electrode surface coverage vs. time curve for 5miMpenicillamine.

2.1. SAMs electrode characterization ) ] )
trode capacitance;; the capacitance at any time”“‘and Cs

Effective gold electrode area was determined electrothe capacitance of fully covered monolaj2@]. The interfacial
chemically using cyclic voltammetry (CV)E;=+200myV, capacitance of SAMs electrodes was determined by CV (calcu-
E;=+800mV, scan rate from 20 to 200mV/s, in a solu- lated fromthe current values read at 150 mV versus Ag/AgCl in
tion containing 1mM ferrocene and 0.1M tetrabutylam-0-1M phosphate buffer pH 8{16]). Surface coverage versus
monium perchlorate in acetonitrile. The electrode aredime curves for 5mM concentration ofL-penicillamine and

was calculated according to the Randles—Sevcik equatio;PMG are shown irFigs. 1 and 2 o
Ip=(2.69x 10°)n32ADY2C w12, whereCy is the concentra- Surface coverage was measured from the oxidative desorp-

tion of ferrocene in the bulk solution (mol/@y n the elec- tion of the thiols. The electrochemical oxidation of adsorbed
tron stoichiometry = 1), I, the peak current (A)A the elec- thiol on gold surface is believed to occur by the reacfii:

trode area (crf), D the diffusion coefficient (% 105 cnr?/s at RSadsf + 3H20 — RSOy~ + 6H* + 56
T=298K) andv is the scan rate (V/s). The area was estimated

to be 0.0309(7) cfh concomitantly with the formation of surface gold oxide and the
The adsorption process for both the substrates (here simpflesorption of the sulphonic acid produced. During the oxidation
fied as R-SH) is supposed to g}, 15} the current due to the second reaction can be measured and used
to estimate the surface coverage of thiol on gold.
RSH — RSads) + HT +e Cyclic voltammogramskK; =500 mV, E; = 1800 mV) for the

) . ) . o _ oxidation of the two thiols adsorbed on a gold electrode were
The chemisorption of thiols was studied by open circuit potentiatecorded in 0.05 M nitric acid free of added thiol at different scan

measuremenid 4] and the results suggest a donation of chargespeeds; from these data surface coverdden@as estimated by
to the gold surface by sulphur. This interpretation is consistenge following equatiorf21]:

with the thiol being adsorbed in a predominantly neutral radical -
state, donating its charge to the gold surface. Ipc =n"F°VAI,i/ART

. The presence of SAM on the electrode surface was CONyhere I'o; is the surface concentration (mol/@mof the

firmed by double layer capacitance measurements using cycligysorhed species before desorption takes plactie Fara-
voltammetry, before and after electrode modificafibéi. Bare day constant/ the peak current (A)y the scan rate (V/s),
gold electrode double layer capacitance wastBRF/C?, 4 he effective gold electrode area (®nR the gas constant

while TDMG SAM andp,L-penicillamine SAM capacitance j/mo| K) andn is the number of electrons £5). The anodic
were 35+ 2 and 40+ 1 pF/cn?, respectively (mean values and

standard deviations are calculated from three independent mea- 1 -
surements on the same electrode).

The formation kinetics and the adsorption mechanism ofthi- 08 {
ols from solution can be described by a two-step mechanism. The
first one in which more than 80% of the monolayer is formed, o6
is completed in a few minutes. The second step extends over®
several hours, it is independent of the concentration of the thiol 0.4
and could be identified in an ordering procgkg].

The thiols adsorption behaviour was evaluated using the 0.2 4
Langmuir rate lawy18,19] the rate surface coverage is expressed
by the relationshipé(r) = [1 — exp(—K7)], whered(7) is the cov- 0 " - :
erage at any instant of timeg”“and “k” is the rate constant 0 500 1000 1500
of the adsorption. Surface coveragecan be obtained using
the expression? = (Co — Ct)/(Co — Ct), Co being the bare elec- Fig. 2. Electrode surface coverage vs. time curve for 5mM TDMG.
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Cu(ll) and immediately reduced to Cu(l) at the applied poten-
tial (E;=—400mV); Cu(l) is than oxidized in the anodic scan
to Cu(ll).

The proposed mechanism (here detailed forL-

50 penicillamine) derives from the following observations:

E, mV

e After copper accumulation for a few minutes (3—5min) at
opened circuit in 5ppm Cu(ll) 0.1 M acetic buffer solution
pH 4, the SAM electrode is washed (with distilled water

! or acetic buffer, as well) and immersed in acetic buffer not

3900 containing copper, for the anodic scan (LS&W= —400 mV,

[+ scani - scan2 - scand = scand — scand| E; =600 mV, scan rate 50 mV/s): no peak appears.
Fig.3. CVof5mg -1 Cu(ll)inacetic buffer 0.1 M, pH 4.0, atL-penicillamine o Copper acpumulatlon (3._5 mm) at opened cireuit I.n Sppm
SAM electrode. Scan rate 100 mV’s E; = —400 mV. E; = 600 mV. Cu(ll) acetic buffer solution was followed by washing and
medium exchangeina Cu(ll) free 0.1 M acetic buffer solution:
peak obtained (+1300 mV in the Casem]f-penici||amine and the electrode is hold at400 mV for 60 s before the anodic

+1450 mV for TDMG) is due to the oxidation of the adsorbed ~scan, in the electrochemical conditions described above (i.e.

compound and to the formation of gold oxide. Experiments LSSV,E;=—400mV,E; =600 mV, scanrate 50 mV/s): a peak

were conduced also on bare go|d electrode and the difference at 250 mv is obtained. This behaviour is consistent with the
in current obtained with and without SAM can be attributed Proposed mechanism: a400 mV Cu(ll) complexed at the

2900

to the oxidation of the adsorbed thifl5]. I'y; was calcu- SAM surface is reduced to Cu(l), which is then re-oxidized
lated to be 1.6(3% 10~1°mol/cn? for DL penicillamine and in the anodic scan.
1.2(2)x 10~ 19 mol/cn? for TDMG. o Ifthe electrode is kept in an acetonitrile solution of Cu(l) ace-
The copper accumulation process was investigated by repeti- tonitrile perchlorate (0.05 MTBAP as supporting electrolyte),
tive CVin 5 ppm C@" solution in nitric acid, pH 4.0 (DL penicil- o accumulation occurs; by adding Cu(ll) to this solution, the
lamine) or NH/NH4C1 0.1 M, pH 9.0 (TDMG). Cyclic voltam- behaviour of the electrode is similar to that observed in aque-
mograms obtained when each SAM electrode is immersed into 0us medium. That means that only Cu(ll) can be strongly
asolution Containing copper, show two waves @@ 3and )l_ complexed at the SAM electrode, which is then reduced to

whose peak currents increase from a cycle to another, reaching aCu(l) at the applied potential.

constant profile after 3—4 cycles, when the complexation reaches

equilibrium[15]. Similar results were obtained with TDMG SAM (in this
The degree of copper coveragEcy, was evaluated by case all the measurements and accumulation processes were

chronocoulometryl"c, was calculatef®2] assuming one elec- done in NH/NH4CI buffer 0.1 M, pH 9, LSSVE; =—700mV,

tron process (as below discussedcy=8.7(2)x 1011 and  E; =500 mV,Egep=—700mV, scan rate 50 mV/s).

6.2(2)x 10~ mol/cn? were obtained for DL penicillamine In both cases the oxidation of Cu(l) is accomplished by the

and TDMG SAMs, respectively. Being the thiols coverage aboustripping of Cu(ll) from the electrode surface, stabilized by

twice as much copper, we can assume that two neighboured thacetate or ammonia, respectively.

ols complex one copper ion. Copper accumulation and redox processes for both the SAMs

occur by the reactiof8]:
2.2. r rochemi AM. rodes
Copper electrochemistry at SAMs electrod (Au)j[ ~SRH+ %Cu2+ = (AU) SR~ %Cu2+

Cyclic voltammetry (CV) in different media and condi- -

tions, shows that Cu is complexed at both SAMs electrodes as +H"=(Au); - "SR - JCu* + H*

The pH dependence of the Cu(ll) complexation was investigated

’1_;233 I e in both cases. Wit,L-penicillamine SAM, maximum binding
7000 | of copper occurs at pH close to the isoelectric point (4.85) of
5000 | " . the compound, so that the zwitterionic form of the substance
-30004 £ oo ; 560 is involved in the complexation of Cu(ll). At pH > 6, the signal

E,mV decreases due to the interaction of the deprotonated amino group
1000 | - with the gold surface and, as well in non-complexing media,
3000 | G Cu(OH), will beginto form (Kps1.6 x 10-19)[15]. AtpH < 2 the
5000 [P carboxylate becomes protonated and Cu(ll) complexation does
7000 not take place. The signal of copper can therefore be expected
9000 to decrease at these lower pH values: from these considerations
Fig. 4. CV of 5mg -2 Cu(ll) in NH3/NH,Cl buffer 0.1M, pH 9.0 at TDMG It €nsues the necessity to work in a buffered environment, such
SAM electrode. Scan rate 100 mV’ E; = —800 mV, E = 400 mV. as that provided by acetic buffer.

-1000

i, nA
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-600 - 5.00E+03
-400 A 1.00E+04 -
-200 | g
600 1.50E+04
0
< < 2.00E+04
- 200 | o—
2.50E+04
400
3.00E+04 - :
600 - -4D0 -200 0% ! 200 400
¥,
3.50E+04 L L x !
800 - E, mV
ey
1000- +3ppb - 6ppb 9 ppb 12ppb «15ppb «21ppb =« 25 pph
— blank —.— 10 ppb —— 20ppb —-— 30ppb - 40 ppb Fig. 6. DPSV curves for Cu(ll) in NsINH4CI 0.1 M pH 9.0 at TDMG SAM.

Experimental conditions described in the text.
Fig. 5. LSV curves for Cu(ll) in acetic buffer 0.1 M pH 4.0mt.-penicillamine

SAM electrode. Experimental conditions described in the text. Sulphate or heavy metal ions (Ni, Cd, Pb, uranyl, Fe, Zn) have

. . . . . been found.
In the case of TDMG, Cu is determined in basic environment The wave i, versus Cu concentration is linear in the

(pH 9, in NHg buffer, to avoid Cu(OH) precipitation) where . = —o4 £ = V. i-=097(2
the oxime, being deprotonated, can complex the metal ion. ‘fgﬂ?i 0053(4;’@9 ' ldep=240, Ep=85mV, ip=0.97(2)

decrease in Cu(ll) signal is already observed at pH <8. In both cases, Cu preconcentrated on the electrode surface is
quantitatively stripped during the anodic scan, favoured by the

2.3. Procedure for copper determination at complexation of Cu(l) with ammonia or acetate, respectively.

D,L-penicillamine SAM electrode

Measurements are performed in acetic buffer solution (0.1 Mf->- /fluence 0]; de]’boszi‘;l” l;i’;’;”;’l andddep osition time
at pH 4.0 either by DPSV or LSSVF{g. 5), even if the ©" copper signalatboth the electrodes
first technique is preferred for Cu concentrationsgiL. For

higher concentrations LSSV gives lower residual currents an8 D\,/L-I?en|C|IIam|tr1e tS'?M: .depOS'tII(OR pohtf.ntltals tIOV\t’.erl than
better reproducibility. Instrumental conditions are: deposition mV give a constant stripping peak height, at potentials more

e . . -1
potential (Egep) = —400mV, deposition timesgeg) =60-120 positive than 200 mV no signal appeaFsd. 7). For 5p.gL

or more, depending on copper concentration in the samplé:Opper concentration linear relationshipversus deposition

_ i : ime is obtained up tayep=600s Fig. ).
E; =+600 mV, scan speed 50 mV/s in LSSV and 100 mV/s byt TDMG SAM: d ‘?t. tentals | than200 mV
DPSV. No interferences from chloride, citrate, tartrate, Ni, Cd, . - geposition poten 'as_ ower than m .
Pb, uranyl, Fe, Zn and other heavy metals generally preselgfve a constant str_|pp|ng peak he_|ght, at potent|a|ls more posi-
in natural waters have been evidenced, even at a concentratigie than 0 r_nV no_S|gnaI IS p_reserﬁlg. 9. For 5'U“g|‘. _copper
ratio fon to copper up to £0 These observations support the concentration a linear relationshipversus deposition time is

proposed mechanism: many of the investigated metal ions ca?Ptamed Up tgep=400s Fig. 1@ . o
In both cases longer deposition times cause deviation from

form complexes in solutions with,L-penicillamine or TDMG, i v saturat f the SAM lexi oS | hed
but evidently complexation itself is not sufficient to give a signal. inearity: saturation of the _complexing sites IS reached,
ven if peak current still slightly increases, probably due to the

lodide at concentration >10 ppm, masks copper signal. Bromid - .
appears to increase Cu signal, reasonably stabilizirfg/Cu* eposition of copper onto the pinholes of the SA{.

redox couple. In the described conditions and with=240s,

current versus Cu(ll) concentration is linear in the range " " o
0.5-50ugL~1: E,=250mV, ip=8.4(2)[Cu]— 2(3) for LSSV g * a0 ]
and 0.2-5Gug L1 Ep =250 mV, i = 0.90(3)[Cu]— 0.06(8) for 120 »
DPSV. 100 - "

<é_ 80
2.4. Procedure for copper determination at TDMG SAM - 60 4
electrode 40 4

20
Measurements are performed in BINH4Cl solution ' . ' 5 s

(0.1 M) at pH 9.0.Egep=—600 mV, tgep=60-120s, or more -1500 -1000 -500 0 500
depending on copper concentration in the sanfle +500 mV, Edep,mV

scan speed 100 mV/s, scan mode DP$WY(6). Also in this  Fig. 7. Influence of deposition potential on 5ppb Cu(ll) peak height,at
case no interference from common anions such as nitrate aménicillamine SAM electrode.
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1800 ~ 60 -
1600 . =
1400 . 50 4 .
1200 4 . .
40 {
< 1000 - .
o *
- 800 - <
— 30 A
600 - 4 =2 .
. .
400 . 20 1
. *
2004 .
o+ . . . . . . 104
0 200 400 600 800 1000 1200 .
t S O T T T T T 1
dep: 0 200 400 600 800 1000 1200

Fig. 8. Influence of deposition time on 5ppb Cu(ll) peak heightbat ts

penicillamine SAM electrode. Fig. 10. Influence of deposition time on 5ppb Cu(ll) peak height at TDMG
SAM electrode.

2 55 o8 20: Original sample (S1) not UV digested. n,L-Penicillamine
e A | SAM: copper found 0.32(4)g L1 (n=4). TDMG SAM: cop-
14 per found 0.45(5)g L~ (n = 4). The labile metal is determined
& 12 in both cases. TDMG SAM electrode competes more strongly
= 10 4 with the Cu-ligands in solution, probably due to the working
. *g . conditions.
E Sample after UV digestion. p,L-Penicillamine SAM: cop-
4 1 per found 0.65(4hg L1 (n=4). TDMG SAM: copper found
21 0.5(1)ng L1 (n=4). The results are in good agreement with
o oo o . thatobtained by ICP-MS 0.6(kg L%, (1=3).
E.mV Spiked sample (S1+5ug/L) not UV digested. D,L-

Penicillamine SAM: copper found 1.76(@yL~1 (n=4).
TDMG SAM: copper found 3.0()gL~ (n=4). The labile
metal is determined in both cases. TDMG SAM electrode com-
petes more strongly with the Cu-ligands in solution, probably
due to the working conditions.
2.6. Determination of copper concentration in high salinity Spiked sample (SI+5ugL™") after UV digestion. D,L-
samples Penicillamine SAM: copper found 5.6(fy L~ (n=4). SAM:
copper found 5.8(2xgL~1 (n=4). The results are in good
Ligurian sea water. The analysis was performed as describedagreement with that obtained by ICP-MS 6.Q¢8)L 1 (n = 3).
below, either on UV digested (see Sectioffor details) or not In order to verify the influence of organic complexing matter
digested samples, using both the SAMs electrodes. on Cu determination, samples of spring water (Cu concentra-
One milliliter of buffer (acetic buffer 1 Mor NgsfNH4CI1M)  tion 0.5ug L~ by ICP-MS) were analyzed with the proposed
is added to a 10 mL sample aliquot, pipetted into the voltamprocedure before and after UV digestion (30 min, 500 W) in
metric cell. The solution is stirred at 300 rpm, at the suitablepresence of known amounts of humic acid (Aldrich) and the
deposition potential, for 180 s deposition time. The results areesults compared with those obtained by ICP-MS. Results are

Fig. 9. Influence of deposition potential on 5 ppb Cu(ll) peak height at TDMG
SAM electrode.

reported below. reported inTable 1 Humic substances cause a depression of the
Table 1

Cu determination in natural water samples: results obtained by ICP-MS and SAMs electrodes

Samples ICP-MSygL™1) TDMG SAM (ngL~1) p,L-Penilcillamine SAM (1g L~1)
Tap water 2.2(2) 2.0(2) 1.2(2)

Tap water UV digested 2.3(2) 2.4(2)

Spring water 0.5(1) 0.6(1) 0.6(1)

Spring wate+1mg L~ H.A. —5% on peak current —12% on peak current

Spring wate+3mg L1 H.A. —8% on peak current —27% on peak current

Spring water UV digested 0.5(1) 0.7(2)

Spring water + 1gL~11 Cu 13.0(2) 10.3(2) 11.0(3)

Spring water + 10 ppb €+ 5mg -1 H.A. 11.6(1) —13% on peak current —40% on peak current

Spring water + 10 ppb €+ 5mg L~ H.A. UV digested 10.5(2) 10.6(4) 10.1(3)
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