ClinLab®

Instruction Manual
for the
Digital
Electrochemical Detector
EC3000






COPYRIGHT by

RECIPE

CHEMICALS + INSTRUMENTS GmbH Labortechnik
Sandstrasse 37-39 D-80335 Munich / Germany
Tel..+49/89/547081-0 Fax:+49/89/547081-11
Internet: www.recipe.de eMail: recipe@t-online.de

Version 1.0 08/01
Code: EC3000 E MAN.DOC

08.08.2001
27.03.02 09:14



Contents

1. COMPONENTSOF THE EC3000 AND ACCESSORY

. INTRODUCTION
2.1 Unpacking
2.2 Warranty
2.3 Purpose of the unit
. THEORY OF THE ELECTROCHEMICAL DETECTION
3.1 Electrolysisreactions
3.2 Current-voltage curves
3.3 Half-wave potentials
3.4 Electrochemical measurement cell
. ELEMENTSAND CONNECTIONSON FRONT AND REAR PANEL
4.1 Front panel
4.2 Rear pane
. INSTALLATION
5.1 Electrochemical detector EC3000
5.1.1 Location and environment
5.1.2 Mains connection
5.2 Electrochemical measurement cell EC4000, model Sputnik®
5.2.1 Assembly of the cell
5.2.2 Assembly of fittings and capillaries
5.2.3 Filling of the reference electrode
5.2.4 Ventilation of the measurement cell
5.2.5 Electrical installation of the cell
5.3 Signal connection
5.3.1 Connection to a HPLC system with integrator
5.3.2 Connection to a HPLC system with PC interface

o
&
© © © O 00 00 00 N O Ul W W N NN NN N P

e I S S R S
W NN P OO O O O



Page

6. OPERATION 14
6.1 Power-Up 14
6.2 Operation-Menu 14

6.2.1 General 14
6.2.2 Start-Display 14
6.2.3 Language selection and operation mode 15
6.2.4 Measurement modes and detector selection 15
6.2.5 Menu setting for DC-amperometry 16
6.2.6 Menu setting for cell cleaning 17
6.2.7 The present measurement display 18

7. MAINTENANCE 19

7.1 Passivation of the HPL C-system 19
7.1.1 Reason for passivation 19
7.1.2 Performing the passivation 19

7.2 Maintenance of the electr ochemical measurement cell EC4000 20
7.2.1 Disassembly of the measurment cell 20
7.2.2 Cleaning and activation the working electrode 21
7.2.3 Maintenance of the reference electrode 21
7.2.4 Cleaning and passivation of the auxiliary electrode 21
7.2.5 Re-assembly of the measurement cell 21

8. TROUBLESHOOTING 23

9. TECHNICAL DATA 26
9.1 Technical data EC3000 26

9.2 Technical data EC4000, Model Sputnik® 26






Page 1

I nstruction Manual EC3000

1 COMPONENTS OF THE EC3000 AND ACCESSORY

Order No. Description

EC3000

EC4000

EC4010

EC3101
EC3102
EC3103
EC3104
EC1103
EC1104
EC1110

EC3052

ClinLab® Digital Amperometric Detector,

Model EC3000, complete

consisting of:

Digital electronic unit, power supply, cell-cable,
complete cell, installed in cell housing, ready-to-use,
user manual

Accessory:

ClinLab® ECD-Cell, Model Sputnik®, complete
consisting of:

cell, tubings, fittings, glassy carbon working electrode,
gaskets, reference electrode, wrenches, 3 M KCI, manual

ClinLab® Accessory Kit for ECD-Cell, Model Sputnik®
consisting of:

tubings, fittings, glassy carbon working electrode, gaskets,
reference electrode, wrenches, 3 M KCI, in assortment box

Power supply

Multiple shielded cell-cable for cell EC4000, Model Sputnik®
Autozero-cable with universal-terminals

Autozero-cable with HITACHI-connector

BNC-cable for analog-output with universal-terminals
BNC-cable for analog-output with HITACHI-connector
BNC-cable for analog-output with adapter for
Shimadzu-Integrator

User manual

Pricelist for service and spareparts on request!

Quantity

1 pce.

1 pce.

1 pce.

1 pce.
1 pce.
1 pce.
1 pce.
1 pce.
1 pce.
1 pce.

1 pce.
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2.2

2.3

INTRODUCTION
Unpacking

Unpack the EC3000 and the accessory from the transport box and

check the detector and the measurement cell for transport damages. Please contact
RECIPE immediately in case you discover any damage.

Check the contents of the transport box (see section 1).

Note: Please retain the original packing materials. These packing materials are in-
tended for the shipping of the unit (e.g. in case of repair). Shipping of the unit
in any other packaging may lead to the termination of the warranty.

Warranty

The standard warranty coverage for this unit is in accordance with the conditions of sale. The
warranty has a duration of one year from invoice date and covers materials and labour.
Please note that the wear-parts cannot be covered by the warranty.

The warranty coverage shall become invalid in any case identified as resulting from inappro-
priate use, service or the implemetation of non-specified spare parts. Similarily the warranty
coverage shall be invalidated in the event of inappropriate shipment, packaging or failure to
remove aggressive or damaging solvent residues.

Pur pose of the unit

The electrochemical detector EC3000 is designed for the use in analytica HPLC systems.
Please note that the instrument may only be used in consideration of its technical specifica-
tions (see section 7). RECIPE is released of any clam for material or immaterial damages
caused by inappropriate use.
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3. THEORY OF THE ELECTROCHEMICAL DETECTION

3.1 Electrolysisreactions

In contrast to other methods the electrochemical detection changes the chemical nature of the
detected substances by oxidation or reduction. After the sample substances are separated in
the column they pass the surface of the working electrode (on which the electrochemical re-
actions will occur). The potential of the working electrode is kept constant in relation to the
potential of the electrolyte (measured by the reference electrode).

Thus, the ECD keeps a constant voltage between the working and the reference electrode.

Every chemical reaction needs a certain amount of energy to take place (=activation energy,
seefigure 1). Thisenergy is supplied by the potential of the ECD.

energy distribution )
before reaction energy plateau requirad

\ / o start the reaction

anergy (eV) m—m—

fime ——————

figure 1: kinetic profile of a chemical reaction

In case of a positive potential of the working electrode in relation to that of the electrolyte
the molecule looses one or more electrons (oxidation). In case of a negative potential the
molecule will be reduced (the electrode gives one or more electrons to the molecule).

All sample molecules contain heat energy (inner energy). The energy distribution in a sample
solution makes a typical bell-shaped curve. This is due to the fact that some molecules re-
quire more energy than others to reach the plateau necessary to start reaction (see

figure 2).
I / miean value
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figure 2: energy distribution within a sample of molecules



I nstruction Manual EC3000 Page 4

The following equation shows the energy relation in the electrochemical system:

Voltage = Total Energy or Total Energie = ChargexV/oltage,

Charge

where the voltage is expressed in volts (V) and the charge is Faraday’s constant (9.65X10*
C/mal).

The current which is produced by the electrochemical reaction is proportional to the concen-
tration of the analyte which is passing the measurement cell at the moment. The following
eguation shows the correlation between current and concentration:

i = NxFxK xD?3xC i © current produced by the redox reaction

° number of electronstaking part in the reaction (1-
8; organic substances typically have 2)

Faraday’ s constant

resistance capacity (cell constant)

diffusion coefficient of the analyte

concentration of the analyte in the cell at the mo-
ment

= -

O O o o

OO0OXT

Electrochemical reactions will take place within three steps (see figure 3):

1. Diffusion: molecules of the analyte diffuse from the solution in the cell to the electrode
surface.

2. Electrolysis: at the electrode surface the electrons are either added (reduction) or removed
(oxidation).

3. Rediffusion: the electrolyzed component moves back into the solution.

The speed of the whole reaction is determined by the slowest (diffusion or rediffusion) of the

three steps.

step 1. slep 2. slep &
diffusion electrolysis re-diffusion

o = o
o o cCooe ® =

0O o eo_©®
o O g, . ® o o
O * ) ® o] 0 elaciralyzed moleculs

© o

\ o
_.K "-.. ® sample molacula

electrode solvent flow

figure 3: steps of an electrochemical reaction
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3.2  Current-voltage curves

The current of the measurement cell is correlated with the working electrode potential. It is
dependent on the ability of the analyte to get oxidized or reduced at different potentials. In
case of oxidation a current in positive direction (electrons will move out of the solution into
the electrode) will be the result, in case of reduction it will be a negative direction of the cur-
rent. The relation between potential and resulting current is plotted in a current-voltage dia-
gram, aso called ,, hydrodynamic voltamogram®.

The electrolysis current is directly proportional to the speed of the reaction at the electrode.
If the current is recorded with different potentials the curve describes the speed of the oxida-
tion or reduction in relationship to the potential (see figure 4). Note, that the linear parts of
the curve have an inclination to the x-axis (potential). Thisis caused by electrolysis reactions
(transport processes) of interfering substances (e.g. pollution) or by autoprotolysis of mobile
phase.

reduction of
- mobile phase

o
o
- O #
5 wn maobile phase E1/2 “'/
E g without analyte L o
=L, -F =
[ \‘, - 1!
o ’ ; e
o I "l\ - ™ s-shaped part
~  oxidation of
mobile phase ™

mobile phase ™ plateau

containing analyte

Potential vs. Ag/AgCl ——

figure 4: current-voltage curve

The s-shaped parts of the curve will show us regions where the potential has a particulary
strong influence to the reaction speed. In such regions the electronic transfer (oxidation or
reduction) is the slowest partial reaction at the electrode (see figure 3). The s-shape results of
bell-shaped distribution (see figure 2) of the inner energy of the sample molecules. This
means that the s-shaped curve is the integral over the distribution of the inner energy. In the
upper region of the s-shaped part (see figure 4) only a few molecules will perform the elec-
trochemical reation. There are not much molecules which have an inner energie that is high
enough, together with the potential, for the reaction to take place. With an increasing (abso-
lute) potential a higher number of molecules will get a sufficient inner energy, so the redox
reaction will take place. If the potential is set to a value where approximately all molecules
have a sufficient inner energy the curve is declining (see lower part of the s-shaped part in
figure 4).
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3.3

In the so called plateau (note that the curve is not parallel to the potential axisin the plateau)
transport processes (diffusion and convection) are the slowest part of the electrolysis reac-
tion. In this part of the curve the potential does not effect the redox reaction. Because of its
lower slope the plateau indicates the potential range with the best signal to noise ratio. For a
maximum selectivity the working potential should bet set to an (absolute) value just higher
asthe potential of the s-shaped part of the curve.

At the edges of the curve you see an exponential increase of the current. This results of an
electrolysis reaction of the mobile phase itself.

As soon as the working electrode gets older, the slope of the current-voltage-curve will be-
come lower. This is due to changes in the electrode surface which lead to inhibition of the
transport processes. An increase of the electrical resistance is the result of this. To compen-
sate this additional resistance a higher potential must be applied. Thus sensitivity will de-
crease.

Half-wave potentials

The half-wave potential (Ew)is the potential at which the half of the analyte molecules have
an inner energy which is higher than the activation energy of the electrochemical reaction.
We interpret the "wave" as the s-shaped part in the current-voltage curve in Fig. 4 which is
the integral over the energy distribution.

While the height of the wave is dependent to the analyte concentration, the half-wave poten-
tial results of the electrochemical characteristics of the analyte. So it is possible to identify
the analyte or to suppress interfering substances. For instance, if you perform an analysis
with two substances which have different half-wave potentias (at least 150 - 250 mV) you
can regulate the applied potential to such an extent that only the substance with the lower
half-wave potential will perform the electrochemical reaction. The other substance will pass
the measurement cell without being detected.

In general you should use the lowest possible potential set up for your analysis. This will
eliminate interfering peaks from the chromatogram and leads to a high sensitivity.
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34 Electr ochemical measurement cell

Three electrodes are included within the measurement cell: reference, working and auxiliary
electrode. Figures 5 and 6 show the electrochemical measurement cell EC4000, model Sput-
nik® integrated within the cell housing and the cell electrode components.

refere nce electrode I

cell body
auxiliary electrode
working electrode
figure 5: electrochemical measurement cell figure 6: cell components reference elet-
EC4000, model Sputnik® rode, auxiliary electrode and

working electrode

The difference of the potential of working and reference electrode will be kept constant by
detector electronics. This difference is equal to the value given by the pre-set potential (see
section 6.2.5).

During the analyte flows through the measurement cell it will be electrolyzed by the applied
potential. An electrical current through the working electrode is the result of this electron
transfer. In the detector electronic the current is converted to a voltage signal which is boo-
sted by a buffer amplifier and then passed to a noise filter. The recorder/integrator outputs
provide this current-proportional voltage signal (see figure 7).

current-to-vollage
comverter

&

| —

vaoltage potential

/ regulator

reference
glectroge

working
electrode

diaphragm

e
auxiliary ./’ sohvent
elecirode flow

figure 7: measurement cell — electrical principle
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4, ELEMENTSAND CONNECTIONS ON FRONT AND REAR PANEL

4.1  Front pand

1:On[1]/Off[ 0] keys, 2: [ Enter ] key, 3: [ Esc] key, 4: Functionkeys[ F1] -[ F4],
5: Function keys[ F5] - [ F9], 6: Cursor keys|[ Cursor left, right, up, down, center ],
7. Gamma control keys[ +]/[ -1, 8: Switching keys[ +]/[ -1, 9: Infokey [ ?]

figure 8: front panel of the EC3000

4.2 Rear pane

Amperometric Detector EC3000 'Ser.no.: |
RECIPE St Bt

~ -
Conkrol Analog oul Acthve call Passive call

10: "Power supply" socket, 11: "Serial connector” socket, 12: "Control" socket,
13: "Analogue out" BNC-socket, 14: "Active cell" socket, 15: "Passive cell" socket

figure 9: rear panel of the EC3000
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5. INSTALLATION

51 Electr ochemical detector EC3000

5.1.1 Location and environment

The location of the instrument should conform to the following:

Free of large temperature variation

Away from direct sunlight

WEell ventilated and away from agressive gases
Away from strong electric or magnetic fields
Free of vibrations

Please note: The detector, and the measurement cell in particular, must not be ex-
posed to direct sunlight or draught. Interference of baseline stability or
thereproducability of analytical results may be the consequences.

The housing of the EC3000 allows the stacking of other HPL C components.

Please note: For the stacking of HPLC components please be awar e that the electro-
chemical measurement cell is sensitiveto vibrations.

5.1.2 Mainsconnection

The current connection is performed via the

"power supply" connector (10) (see figure 9)

with the power supply order no. EC3101 in-

cluded in délivery.

The power supply EC3101 alows an input
voltage range of 100 - 240 V at an AC fre-
guency range of 47 - 63 Hz.

The mains connector of the EC3101 can be
detached from the transformator socket and be
replaced by a connector complying with the
local requirements (see figure 10).

figure 10: the power supply EC3101



I nstruction Manual EC3000

Page 10

5.2

521

522

5.2.3

524

Electr ochemical measurement cell EC4000, model Sputnik®

Assembly of the cell

At delivery, the mechanical components of the
Sputnik® are already mounted (see figure 11). The
disassembly and re-assembly of the cell for the
purpose of maintenance is described in section 7.2.

Assembly of fittings and capillaries

The cel is connected with PEEK tubings
(inlet tubing 1.D. = 0.25 mm, outlet tubing 1.D. =
0.50 mm) and PEEK fittings. To avoid deathvo-
lume (noise) the tubings have to be installed care-
fully. At this, please pay attention that the capilla-
ries are cut right-angled at their end. Slide the ca-
pillaries into the fittings and screw the fittings into
the drill wholes ("IN" and "OUT" respectively) of
the cell top.

Filling of the reference electrode

Unscrew the cap of the reference electrode hou-
sing. Fill the KCI solution (order no. EC2900) up
to the marking (=indentation, see dashed line in
figure 12). Take care that no air bubbles remain on
the diaphragm. Screw the cap again.

Ventilation of the measur ement cell

Start pumping. Unscrew the reference electrode
dightly and wait a few seconds until some mobile
phase is pressed through the gap. For removing air
bubbles underneath the reference electrode screw
(Yarotation) in and out the housing repeatedly (see
figure 12). Finally screw the reference electrode
tightly. Dab the overflown buffer.

Reference
electrode

Reference
electrode
housing

Cell top

Gasket

Working electrode

Compression disc

Cell body

Contact pin

Compression screw

figure 11: components of the Sputnik®

figure 12: ventilation of the measurement

cell
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5.25 Electrical installation of the cdll

Install the measurement cell within the mounting device of the cell housing (order no.
EC4603) and fix it with the fixing screw (16). Afterwards connect the cell-cable
(order no. EC3102) with housing and measurement cell in the following order (see figure 13
and figure 14):

Plug the serial connector (21) of the cell cable (see figure 13) in the "passive cell" socket
(15) (seefigure 9) of the detector.

Put the shielding plug (17) (= red, 4 mm) into the socket of the cell housing.

Put the grounding plug (18) (= red, 2 mm) into the socket of the cell head.

Clamp the reference electrode (19) (black coupling plug)

Finally clamp the working electrode (20) (black crocodile clip)

figure 13: connecting plugs of the cell-cable  figure 14: measurement cell installed in the
mounting device of the cell hous-

ing
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5.3  Signal connection

For connecting the EC3000 with the electrochemical measurement cell EC4000, model
Sputnik use the cell cable order no. EC3102 (see section 5.2.5).

Depending on the evaluation unit (integrator or PC interface) being used, RECIPE offers
severa autozero- and analog output cables:

Autozero-cable
with universal-terminals (order no. EC3103)
with HITACHI-connector (order no. EC3104)

BNC-cable for analog output
with universal terminals (order no. EC1103)
with HITACHI-connector (order no. EC1104)
with adapter for Shimadzu-Integrator (order no. EC1110)

5.3.1 ConnectiontoaHPLC system with integrator

EC3000 EC4000
passive cell = Sl #l auxiliary electrode
active cell [ | reference electrode
analog out - 8l working electrode
0 ¥ oo
control (suwtozero) T ry ShlE‘|dIr‘lg
m =
{'J _IL-J
. (%]
serial connector W = g
R T
m i
o |® integrator
o m
E 0
autosampler = a H
| -]
start out W | L
|G
pump # start
starfin W COMm

figure 15: connection of the EC3000 to a HPLC system with integrator
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5.3.2 Connection toa HPL C system with PC interface

EC3000 EC4000
_ EC3102 =
passive cell B #l auxiliary electrode
active cell | B reference electrode
1
analog out & 2l m working electrode
control (sutceersy O = shielding
£
serial connector ol
o O
= = ;
8 |3 PC interface
m
autosampler 8 m analog in
B
startin W i serial in
4l start out
pump
start in m—

figure 16: connection of the EC3000 to a HPLC system with PC interface
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6.1

6.2

6.2.1

6.2.2

OPERATION
Power-Up

After connecting the power supply (order no. EC3101) the detector is already supplied with
operating voltage. The display yet is still dark and without indication.

The instrument is switched on and off with the "on/off" keys (1) (see figure 8). The EC3000
isswitched on with [ | ] and is switched off with[ O].

After switching on with [ | ] the display is illuminated and three acoustic signals for confir-
mation are given after about one second.

Operation-Menu
General

The whole operation of the EC3000 is carried out with the foil key-pad (see figure 8). For
external operation via PC interface (remote control) see section 6.2.3.

Between the menus skip forward with [ ENTER ] (2) and backward with [ ESC ] (3).
Within the menu the setting of values or numbers is carried out by the cursor keys (6).
That is: [ cursor up ] steps up the value, [ cursor down | steps down the value.

The stepwise adjustment of values can be fastened with factor 10 or 100 by the "cursor fast"
function. The "cursor-fast" function is activated by pressing the [ cursor-centre | -key and the
[ cursor up ] or [ cursor down | -key accordingly.

In case of misentry an acoustic signal is given.

Start-Display

On the start-display diverse information, e.g. the detector-CPU-1D-code number, software
version and the available operation modes are shown. The instrument carries out a system
self-test. For the failure free system the result "successful finished" is indicated. In case of
malfunction a status indication is given and the further command execution within the
menus is blocked.

Please note: In case no indication isvisible at the display, the gamma control (gamma
control keys (7), see figure 8) has to be adjusted. In general, the surface
temperature of illuminated displays may dlightly change in operation.
For this, it might be necessary to re-adjust the gamma control in the
warming-up period. The display is illuminated by LEDs (LED=Light
Emitting Diode).
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6.2.3

6.2.4

L anguage selection and oper ation mode

The function keys[ F1] .... [ F5] (function keys (4), see figure 8) are allocated with the lan-
guage selection. With the basic equipment of the EC3000 "English" and "German" is select-
able.

[ F1] |"German" |available

[ F2] |"English" |available
[ F3] | "Francais' |notinstalled

[ F4] | "ltalian” not installed

The function keys[ F7] .... [ F9] (function keys (5), see figure 8) are assigned for the selec-
tion of the operation mode. The basic equipment does not include the operation modes "Re-
mote" and "Service". For this, "manual operation mode via keyboard" is pre-adjusted with
the basic equipment.

[ F7] |"Manua" |pre-adjusted
[ F8] | "Remote” | not installed
[ F9] |"Service" |notinstaled

M easur ement modes and detector selection

The function keys[ F1] .... [ F5] (function keys (4), see figure 8) are intended for the selec-
tion of the measurement modes. With the basic equipment only the measurement mode "DC-
amperometry" is available. For this, thismode is already pre-adjusted.

[ F1] | "DC-amperometry” pre-adjusted
[ F2] | "Pulsed amperometry” | not installed
[ F3] | "Cyclic voltametry” not installed
[ F4] | "Cadlibration of gradient” | not installed

The function keys[ F7] .... [ F9] (function keys (5), see figure 8) are allocated with the de-
tector selection.

[ F7] | "test" is an integrated replacement cell, which serves the testing of the elec-
tronics.

[ F8] |"passive” |is the usual measurement cell, e.g. EC4000 model Sputnik®. The cell is
plugged to the "passive cell" socket (15) at the rear panel.

[ FO] |"active" |isameasurement cell with integrated pre-amplifier. It is plugged in the
"active cell" socket (14) at the rear panel.
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6.25 Menu setting for DC-amperometry

The function keys[ F11] .... [ F9] (function keys (4, 5), see figure 8) are alocated with the
menu setting for DC-amperometry.

[F1]

Potential
-2,00V.....+2,00V

Setting with cursor keys (6) by steps of 10mV, by steps of
100mV with "cursor-fast" function, -2,00V .....+2,00V polarity
switchingwith [ +] and [ - ] (8) accordingly.

[F2]

Measuring range
+/-10pA....20pA

Setting with cursor keys (6), by step sequence 10 — 20 — 50 —
100 etc. The measuring range basically is referred to an output
voltage of 1,00V at the analogue output (BNC-socket). The
measuring range may be selected independently from the ef-
fective basic current, because the basic current is compensated
by the setting of an offset or by auto-zero.

[F3]

Filter
5Hz.....0,02 Hz

Setting with cursor keys (6),
no filter -5-2-1-0,5-0,2-0,1-0,05-0,02 Hz

[F4]

Offset
up to +/- 50 pA

Compensation of the basic current, setting with cursor keysin
in 0,02nA - steps, by 2,00nA- steps with “cursor-fast* function,
polarity switching with[ +] and [ - ] (8) accordingly.

[FS]

auto-zero "on"

If the auto-zero function is activated, the entry of "offset” is
blocked. A value being possibly adjusted before with [ F4 ] is
not used for the basic current compensation. Auto-zero is en-
abled and will be started by pressing the key [ F5 ].With auto-
zero being enabled, the next menu is "cell cleaning" (see be-
low).

[F6]

auto-zero "off"

The auto-zero function is blocked in the following menu. A
compensation of the basic current may be carried out with
offset [ F4].

[F7]

programme no.

Programme number 0...99, selection with cursor keys, by
steps of 10 with "cursor-fast” function

[F8]

save programme

For the storing of the adjustments being defined with
[ F1] .... [ F5] a the programme number previously selected
with [ F7].
At this, aready existing programmes are overwritten without
warning! The programmes remain stored after switching off
the detector.

[F9]

load programme

For the loading of a programme being selected with [ F7 ]. If
still no programme exists at the selected programme number,

itisindicated on the display.

Pressthe [ Enter | key (2) to start the measurement or skip to the next menu:

[ Enter ]

start of
measurement

In case the auto-zero function is disabled, the present measu-
rement values are indicated (see section 6.2.7).

menu

skip to the next

With auto-zero being activated, the next menu (see section
6.2.6) is displayed.
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6.2.6 Menu setting for cell cleaning

The function keys[ F11] .... [ F9] (function keys (4, 5), see figure 8) are alocated with the
menu setting for the automatic cell cleaning.

Please note: Any combination of measuring- (section 6.2.5) and cell cleaning pro-
grammes (see section 6.2.6) may be loaded.

[ F1] | Potential Setting of the cleaning potential with cursor keys (6) by steps
-2,00V.....+2,00V of 10 mV, by steps of 100 mV with the "cursor fast"- function,
polarity switching with [+] and [ -] (8) accordingly.
[ F2] | Starting delay Starting delay of cell cleaning programme from auto-zero-
10....900 sec. start, setting of the delay with the cursor keys (6) by steps of
10 sec., with the "cursor-fast" function by steps of 100 sec.
[ F3] | Interva Interval of cell cleaning process, interval setting with cursor
1....100 sec. keys (6) by steps of 1 sec., with the "cursor-fast”" function by
steps of 10 sec.
[ F4] | Cycle It defines the number of analysis-intervals being performed,
1..10 before cycle the cell cleaning-interval is started. Setting with
the cursor keys (6) from 1 .... 10.
[ F5] | Enabling of cell The cell cleaning is enabled and is started with the conditions
cleaning enabling defined in[ F1] ....[ F4] by thefirst auto-zero.
[ F6] | Disabling of cell The cdll cleaning is disabled within the following menu.
cleaning
[ F7] | programme no. Programme number 0...99, selection with cursor keys, by
steps of 10 with "cursor-fast” function
[ F8] | save programme For saving the adjustments being defined with[ F1] .... [ F5]
at the programme number being selected with [ F7].
At this, already existing programmes are overwritten without
warning! The programmes remain stored after switching off
the detector.
[ F9] |load programme For the loading of a programme being selected with [ F7 ]. If
still no programme exists at the selected programme number,
itisindicated on the display.

Pressthe [ Enter | key (2) to start the measurement:

[ Enter ]

start of
measurement

The present measurement values are indicated (see section
6.2.7)
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6.2.7 The present measurement display

Within this menu, The present measurement values are indicated. If auto-zero is activated,
the sequence of an enabled cell cleaning programme is started not until the auto-zero is fi-
nished. Within this menu, the auto-zero may be re-started with the function key [ F5]:

[ F5] | auto-zero now Starts the auto-zero, starting may be performed externally.
The auto-zero function cal culates the optimal compensation
value. It may require some seconds until the indication "pres-
ent current” isat avalue near "0"

Any other keys are out of function, with exception of: [ ESC] (3), Gammakeys[ +]/[ -]
(7)andthe[1]/] 0] keys (1) (seefigure 8).

In the upper part of the display the measured values are indicated in the corresponding unit
of measurement. In the lower part the selected menu-settings are reported (see figure 17).

figure 17: sections of the measurement display

During measurement the access to the selected settings is only possible by stepping back in
the corresponding sub-menu:

[ ESC] |skiptothe The present measurement values remain, the corresponding
sub-menu sub-menu is indicated on the display.

Please note: In both upper corners of the display, two animated rectangles are stating
the proper running of the programme sequence. The stopping of these
rectangles indicates the hang-up of the programme. If so, re-boot the
EC3000 by detaching it completely (switching off is not sufficient!) from
the power supply.
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7.

7.1

711

712

MAINTENANCE

Passivation of the HPL C-system
Reason for passivation

HPLC systems basically have to be passivated before using them with electrochemical de-
tection systems. The reason is that metal parts with an unprotected metal surface (steel cap-
illaries, mechanical components of the pump etc.) may emit metal ions to the mobile phase.
These ions underly oxidation and reduction processes within the electrochemical measure-
ment cell and therefore may cause heavy disturbances of the detection process (e.g. high base
current, noisy base line etc.).

It is advisable, to repeat the passivation of the HPLC system from time to time (dependent
on usage, normally every 2 to 3 months), especially in case of malfunctions which can not be
attributed to a single component of the system.

Perfor ming the passivation

It isimportant that all fluidic components of the HPLC system are passivated (pre-oxidized),
with exception of the analytical column and the detector cell. For passivating the system
follow the instructions below:

Connect pump, injection system, column heater, detector and all capillaries with excep-
tion of the column and the detector cell.

Put the outlet-capillary into a safe waste container.

Flush the system for 15 min at aflow of 1 - 2 ml/min with HPLC water.

Flush then for 10 min with 2-propanal.

Afterwards flush for 15 min with HPLC water.

Flush the system for 30 min with half concentrated nitric acid (1 volume each of concen-
trated nitric acid (65 %) and HPLC water) at aflow rate of 1 ml/min.

Afterwards purge the system with HPLC water (1 - 2 ml/min) until the pH of the waste
solution is neutral. Change the water in the eluent container several times to be sure that
the nitric acid will be washed out the frit.

Finally flush the system for about 15 min with appropriate mobile phase.

Connect the column and the detector cell.

The injection system (manual injection valve or autosampler) requires supplementary passi-
vation:

a.) Manual injection valve

For the manual injection valve the passivation procedure as indicated above has to be per-
formed in the same manner and simultaneously with the remaining HPLC system. In this
way inject 2-propanol, HPLC-water and half concentrated nitric acid severa times. Finally
flush the injection valve with an appropriate amount of water to remove the residues of nitric
acid completely.
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7.2

721

b.) Autosampler

For the autosampler the passivation procedure as indicated above has to be performed in the
same manner and simultaneously with the remaining HPLC system. In this way inject
2-propanol, HPLC-water and half concentrated nitric acid several times and with the largest
possible volume. Finaly flush the injection valve with an appropriate amount of water to
remove the residues of nitric acid completely.

M aintenance of the e ectr ochemical measurement cell EC4000

For the purpose of maintenance, any cell components can be disassembled and re-assembled
without using tools. This ensures amost easy handling of the measurement cell.

Disassembly of the measur ment cell

For the disassembly of the cell follow the instructions below:

Switch off the EC3000 ([ 0] key (1)).

Switch the pump to STAND BY or off.

Disconnect the serial connector (21) and the plugs (17 - 20) in the reverse order as shown
in section 5.2.5.

Remove the cell from the mounting device of the cell housing.

Disconnect the capillaries.

Turn the bottom side of the cell up (see figure 18a).

Loose the compression screw (approx. 1 rotation counterclockwise) with the supplied
wrench (seefigure 18b).

Hold the cell top in one hand and unscrew the cell body counterclockwise with the other
(seefigure 18c).

Remove the working el ectrode (see figure 18d).

figure 18a-d: disassembly of measurement cell EC4000, model Sputnik®
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7.2.3

724

7.25

Cleaning and activation the working electrode

The sengitivity of the measurement cell slowly decreases over the time, depending on the
application and on the number of analyses being performed. In order to re-establish the sen-
sitivity of the measurement cell the surface of the working electrode has to be cleaned and
activated from time to time. The procedure of cleaning and activation depends on the mate-
rial of the working electrode (glassy carbon, gold, copper etc.). Please contact RECIPE for
cleaning instructions.

Please note: Theworking electrode can be used from its both sides.

M aintenance of the reference el ectrode

In order to avoid an increase of noise and an enhancement of the work potential (E-work),
regularly check the KCI liquid level.

For the maintenance of the reference electrode please follow the instructions given in secti-
ons5.2.3and 5.2.4.

Cleaning and passivation of the auxiliary electrode

Contact RECIPE for cleaning and passivation of the auxiliary electrode surface!

Re-assembly of the measurement cell

For the re-sassembly of the cell follow the instructions below:

Assemble the gasket (=spacer) and the
working electrode. Take care that the
groove of the gasket and the working
electrode fits in the pin! (see
figure 19a-b and figure 20a).

Screw the cell body tightly (clockwise).
Do not turnabout the cell until the com-
pression screw is tightned! (see figure  figure 19a-b: Fixing of gasket and working
20D). electrode by fixing pins

Fix the compression screw by hand at first and tighten it afterwards with the supplied
wrench (see figure 20c).
Turn the cell in the upright position (see figure 20d).
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figure 20a-d: re-assembly of the measurement cell EC4000, Model Sputnik®

Ventilate the measurement cell according to the instructions given in section 5.2.4.
Assemble the cell in the mounting device of the cell housing and

connect the capillaries (see section 5.2.2).

Switch on the pump.

Connect the plugs (17-20) and the serial connector (21) according to the instructions gi-
venin section 5.2.5.
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8.

TROUBLESHOOTING

PROBLEM

POSSIBLE CAUSE

SUGGESTED SOLUTION

Pump error (pressure
fluctuation)

Air in the pump

Defect pump head
vave

Flow rate not constant

Open purge valve, suck off mobile
phase and pump through system at
maximum flow rate

Replace

- Check pump for constant pressure
and flow rate

- Leak or air in the pump ?

Spikes on the base-
line

Air bubblesin the
detector cell

Air bubblesin the
mobile phase

Air bubbles at dia-
phragma of reference
electrode

Interference from
mains

Increase the pressure in the detector
cell by briefly closing off the outlet
tube (Caution: consider maximum
cell-pressure) or disconnect the co-
lumn and flush the cell with mobile
phase

Degass the mobile phase

Remove air bubbles, remove KCI
and replace with fresh KCl, filling
without air bubbles

Relocate instrument to interference-
free place or install interference fil-
ter

Basdline drift System not yet in Pump mobile phase through the
equilibrium system for alonger period of time
Leak in the cell Check cell and connections for leaks
Temperature drift Check column heater
Mobile phase con- Replace mobile phase
taminated

Noisy baseline Check reference electrode insert,

working electrode, cell connections

High baseline noise Multiple signal Remove grounding clip at the rear

grounding side of the detector

Peaksplitting

Column packing de-
fect

Defect injection valve

Replace column

- Disassemble and clean injection
system or call service

- If Rheodyne system used, replace
Vespdl rotorseal with Tefzel rotor-
sedl
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PROBLEM

POSSIBLE CAUSE

SUGGESTED SOLUTION

Broad peaks, tailing

Column at end of use-
ful life

Dead volume

Replace column

Check system

Poor recovery

Internal standard par-
tially degraded
Washing steps carried
out incorrectly

Pipettes out of ad-
justment or defect

Injection volume too
low

Sample preparation
columns sucked off
too fast

Incorrect sample
preparation

Compare internal standard with
standard solution

Check washing solutions; replace if
necessary

Check pipettes

Check injection system

Ensure columns sucked off slowly

Follow sample preparation instruc-
tion strictly

Interfering peaksin
chromatogram

Injection system
contaminated

Peaks originate from
degradation products
of old samples or
standards

Rheodyne injection
system

Rinse injection system with water
followed by 2-propanal

In case of automatic injectors. clean
needle

check external rinsing

replace needle-washing fritsif
necessary

Use only fresh or properly stored
samples

Replace Vespel rotorseal with Tefzel
rotorseal

High backpressure

Accumulation of par-
ticlesin the column

Replace column

Retention times
changed

Column temperatur
fluctuates

Leak in system

Check column heater

Locate and eliminate
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PROBLEM

POSSIBLE CAUSE

SUGGESTED SOLUTION

Significant decrease
of detector sensitivity

Contamination or re-
action products

Potential of reference
electrode is drifting

Clean working electrode

Check reference electrode using an-
other one

Base current too high

Reference el ectrode
defect

M obile phase con-
taminated

Column contaminated

Surface of working
electrode contami-
nated

- Check potential of reference elec-
trode using another one

- If differenceis more than £ 20 mV,
refill electrode with 3 M KCl

Replace mobile phase

Replace column

Clean working electrode with
chrome-sulphuric acid, rinse well
with destilled water and reinstall
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9.1

9.2

TECHNICAL DATA

Technical data EC3000
Principle:

M easur ement cell:

Electronics:
Working potential:
Input current range:
Measuring range:
Auto-zero-range:
Manual offset range:
LCD-display:

Filter:

Detector noise level:

Cleaning potential:

Cleaning duration:

Delay time before applying cleaning potential:
Cleaning cycle:

Storage capacity for measurement programmes
Storage capacity for cell-cleaning programmes:
Analogue output:

Auto-zero interface:

Power supply:
Power pack EC3101.:

Dimensions:
Weight:

Technical data EC4000, M odel Sputnik®

Working electrode:

Auxiliary electrode:
Reference electrode:

Diaphragm:
Cell volume:

Materias:

amperometric detector with thin-layer cell
three-electrode wiring

see section 9.2

Oto+2.00V

to+ 50 pA

+ 10 pA to 20 pA

to+ 50 pA

to+ 50 pA

simultaneous indication of all relevant meas-
urement data

5Hzt00.02Hz (0.2t0 50 sec.)

<03pA

Oto+2.00V

1t0 100 sec

10 to 1500 sec

every 1% to 10" cycle

0to 99

0to 99

+ 1V per measurement range

active low, switching contact, active high, cur-
rent- / voltage input,

12vDC 2A

115/230V AC

510 mmx 260 mmx 160 mm (wxdxh)
8.1kg

glassy carbon in zirconium oxide; optional Ag,
Au, Cu, Ni, Ptin Kel-F

stainless steel

silver/silverchloride reference electrode, refil-
lable

base-stabl e zirconium oxide diaphragm

1.5 pl with 30 um spacer; optional 0.75 pl with
15 um spacer or 2.5 pl with 50 um spacer
stainless steel, PTFE, PEEK, zirconium oxide,
glassy carbon, Kel-F



