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A novel graphite electrode for mercury-free adsorptive
stripping analysis
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Introduction

Stripping voltammetry on stationary elec-
trodes is a well established electrochemical
ultratrace analytical technique for the de-
termination of toxic elements such as Cd,
Pb, Ni, Co, etc. in the lowest pg/L (ppb)
range. Its merits are especially the very
high sensitivity and the possibility to per-
form multielement determinations. A dis-
advantage of this already classical trace de-
termination technique is the use of mer-
cury as electrode material in the form of
hanging drops or as thin films on conduc-
tors such as carbon materials.

A novel carbon electrode which can be
manufactured on an industrial base in dif-
ferent geometrical shapes allows now to
analyse a number of elements without the
use of mercury. The new type of graphite
electrode is commercially available from
Metrohm under the name <Ultra Trace
Graphite Electrode>.

A new electrochemical conditioning
procedure controlled by the Metrohm 693
VA Processor optimizes the electrode be-
haviour.

The determinations are based on ad-
sorption and subsequent stripping of the
metal complexes. With some applications
there is no need to deareate the electro-

Dr. Kh. Brainina, Dr. L. Kalnischevskaia, Dr. N. Malakhova: Ural Institute of National Economy,
Ekaterinburg, Russia; Dr. P. Rach, Dr. C. Berndt: Metrohm AG, CH-9101 Herisau



246

BRAININA, KALNISCHEVSKAIA, MALAKHOVA, RACH, BERNDT

lyte. The mercury-free applications which
have been developped until now for the
use in real samples are the determination
of Cr, W and Se.

Experimental section

Electrodes Working:
Impregnated graphite: <Ultra
Trace Graphite electrode»,
Metrohm 6.1204.10
The electrode has to be condi-
tioned electrochemically be-
fore the determinations.

Instrument parameters

Cr w

determination determination
Type CAdSV AAdSV
Method DCT DP 50mV
Electrolysis 60to300s 10to180s
Initial voltage 0.35V -05V
Final voltage  -0.05V -0.05V
Sweep rate 40 mV/s 20 mV/s
Peak potential 60 mV -230 mV

+30 mV + 10 mV

CAdSV: Cathodic Adsorptive Stripping Voltammetry
AAdSV: Anodic Adsorptive Stripping Voltammetry.

. Chemicals
Reference. égﬁlggg%glogén f 16/.111)2411\21.61_00 Reagents .of the.highest purity available
and also high purity water have been used.
Auxiliary: Glassy Carbon Metrohm
6.1247.000 + 6.1241.020 Sample preparations
Organic matrices in water samples have to
Instruments be destroyed through UV Photolysis under
693 VA Processor (Metrohm) the following conditions:
694 VA Stand (Metrohm) pH of the sample between 1...2
705 UV Digester (Metrohm) Duration of pretreatment 2 hours
Temperature 90°C
Added H,O, volume 100 pL per
10 mL sample
| Il 1] v Vv VI | VI VI
| 1 H He
Il 2 Li Be B Cc N 0 F Ne
M| 3 | Na . i S Ar
v]4] K 1 Cr[Mn| Fe | Co| Ni
5 | s B Kr
vV | 6 | Rh | Pd
7 Xe
vi| 8 o |
vii|10| Fr | Ra | Ac | Ku |
Ce | Pr|Nd|Pm|Sm|Eu|{Gd|Tb Dy |Ho | Er [Tm|Yb |Lu
Th|{Pa| U [Np|[Pu|Am|Cm|Bk | Cf |Es |[Fm|[Md[No | Lr

7] Elements that can _
-l be determined with-
out mercury application.

- Elements that can
be determined with

mercury application only.

Elements that can
4 be determined either
with or without mercury.

Table 1: Elements that can be determined by Stripping Voltammetry.
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Determination of Chromium traces

Chromium (VI) undergoes a redox reac-
tion with 1,5-diphenylcarbazide forming a
chromium(III) complex. This Cr(III)-di-
phenylcarbazonate complex is adsorbed
on the graphite electrode. It can be strip-
ped from the graphite surface.

In the range of 1 to 25 ppb the DC strip-
ping current is proportional to the chro-
mium (VI) concentration. The working

range of the determination is 1 to 250 pg/L.

2Cr* + 3DPCI = 2Cr”" + 3 DPCO + 6H"
Cr’ + DPCO = [CrDPCO]" + 2H"

Organic compounds present in the samples
(e.g. natural waters) cause strong interfe-
rences. Therefore, they have to be remo-
ved e.g. by UV digestion.

Chromium should be determined imme-
diately after sampling and filtering through
cellulose nitrate membrane filter of 0.45 pm

Matrix Preparation Sample Final results RSD
size, ml %
0.15 M H,SO, - 20 Added: 1.00 pg/L 10.3
Found: 1.06 pg/L
0.15 M H,SO, ‘ 20 Added: 1.00 ng/L 9.0
Found: 0.91 pg/L
Artificial sea water - 20 Added: 1.00 pg/L 3.3
Found: 1.13 pg/L
Sea water (Canary - 20 Added: 1.00 pg/L 24
Islands) Found: 0.82 pg/L
Sewage water (A) UV + H,0, 0.02 5,59 mg/L 8.9
Sewage water (B) UV + H,0O, 0.5 146.3 ug/L 3.8
Table 2: Results of Cr’* determinations
Matrix Preparation Sample size | Final results RSD
ml %
0.9 M H,SO, - 20 Added: 2.50 ug/L 8.0
Found: 2.30 pg/L
0.9 M H,SO, % 10 Added: 8.00 ng/L 4.1
Found: 7.74 pg/L
Artificial sea water Uv 10 Added: 5.00 pg/L 6.5
Found: 5.28 ug/L
Sea water (Canary |OAY 10 <0.1 pg/L
Islands)
Sewage water (A) UV 2 3.3 ug/L 18.6
Sewage water (B) uv ) <0.1 pg/L

Table 3: Results of W’ determinations
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pore size. In case the samples cannot be
directly analyzed, an addition of HNO; to
reach pH =2 is recommended.

If Cr(III) is present in the samples it has
to be oxidized by Ammonium Persulphate
solution prior to the determination.

The chromium content is determined by
the standard addition method.

Determination of Tungsten traces

W(V) is concentrated on the surface of the
graphite electrode by means of the electro-
chemical reduction of W(VI). W(V) forms
a sparingly soluble complex with e.g. anti-
pyrine and thiocyanate ions. The analytical
signal is the anodic oxidation current of
the compound concentrated on the gra-
phite electrode. Determinations are possi-
ble in the range of 0.2 to 50 pg/L (ppb).

Organic compounds present in the sam-
ples interfere with the determination. The-
refore, they have to be removed by UV di-
gestion. Interferences of Fe(IIl) up to a
concentration of 100 mg/L is being elimina-
ted by reduction to Fe(II) with ascorbic
acid. When the amount of Cu(Il) in the
samples exceeds the amount of W(VI) 200
times Cu-ions have to be bound by thiou-
rea.[2]

The following scheme can be used to vi-
siualize the electrochemical conentration
of W(VI): '

WO, +e = WO,

WO, +3SCN +nR +2H" =

WO(SCN):;RH ot HzO

R: Pyramidone or Antipyrine.

Literature

Metrohm Application Bulletin Nr. 243 (1994)
Metrohm Application Bulletin Nr. 242 (1994)

MALAKHOVA, N.A., CHERNYSHEVA, A.V. &
BRAININA, KH. (1991): Adsorptive Stripping
Voltammetry of Chromium 1,5-diphenylcarba-
zonate. — Electroanalysis, 3, 803-814.

93-08-09

15:51:10
2

Metrohm 693 VA Processor (5.693.0020P) =
7 Date
Time :
VR

I = -175.317 nA
| = -281.782nA

| = -370.087 nA

08091551
Swp

User
Determ.
Segment :

Substance : Cr(Vl)
Substance : Cr(VI)
Substance : Cr(VI)

R

Meth
Mode
Run
Curve
Uimv

Fig. 1: Curves of Cr determination p (Cr) =1 pg/L
of model water by CAdSV (2 standard additions).
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Fig. 2: Curves of W determination p (W)= 1 ug/L
of model water by CAdSV (2 standard additions).
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