Manual SECMx, version 14

Part Il: Operational procedures

Last change 10 August 2013
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1 Standard setup (without using the shear-force distance
control)

The hardware and software should first be installed as described in the instruction. The

normal operation of the SECM is without the shear force option. It is strongly

recommended that your first work without shear force. Once you are familiar with the

SECM principles and the operation of this hardware you may advance to use the shear

force. In order to setup the instrument, connect the instruments in the following way.

1.1 Using one UME as probe

1.1.1 Setup

The setup is illustrated with a Mdrzhduser positioning system, an Ivium Compactstat,
and a Zaber tilt table. For the use of other positioning systems and potentiostats
proceed in a similar way.
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After connecting the microelectrode as WE1 to the potentiostat, fill the electrolyte
solution with a mediator into the cell.

1.1.2 Step by Step to an Image

1) Start the IviumSoft software, press Connect (1), select the high sensitivity option in
the IviumSoft (2).

.
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2) Start the SECMx software, select the appropriate user profile.

3) If during the loading process the window of the Ivium driver pops up, press
Connect. (1). Select the cell type you need. In most cases you will use the
monopotentiostat option (2a). If you want to use the bipotentiostat select (2b). The
electrode you want to use for potential programs from the IviumSoft should be
WET1 (in most cases this will be the microelectrode). For more details see the
manual of the Ivium CompactStat.

2 proertiesor vum] =T
[V Connect [ Pot-stat |~ Methods |~ Extemal Ok I Cancel I

Start lviumSoft before any other action

1) Make sure ONE instance of |viumSoft is running.

2] Press in lviumSoft [Connect] button (top, left of window).

3) Press in SECMx::Ivium driver [Connect to lviumSoft and |viumStat].
4] Click [On/0ff] the Cell on box until the unifom in Software and device.
5) Select the cell type, press [Apply] in SECMx::|vium driver.

1)~
~Connect to lviumSoft and lviumStat | Serial number: -

ICeII Estat 4: potentiostat with 4 electrodes :J IStandald :]
2a ).-—— Cell Estat 4: potentiostat with 4 electiodes I1 0 kHz fier jv

Cell Estat 2: potentiostat with 2 electrodes

1 kOhm Estat: potentiostat with internal 1 kOhn
100 kOhm Estat: potentiostat with internal 100
10 MOhm Estat: potentiostat with internal 10 M
R(RC) Estat: potentiostat with 10 Ohm (1 kOhn
Cell Istat 4: Galvanostat with 4 electrodes

Cell Istat 2: galvanostat with 2 electrodes

dummy Istat: Galvanostat and internal dummy d
Cell Bistatd: potentiostat with 4 electrodes and
Cell Bitat 2 etntiostal with WE, CE and bipg

2b)/]

Apply

4) Switch on the electrochemical cell (1). Check that the corresponding option control
in the IviumSoft will also switch. Then select the current range (2). Select the filter
and the potential at which no reaction occurs. Press Apply and then Ok.



#3 Properties of [Ivium] _I- _ID 5'
|w Connect [v Pot-stat [~ Methods [~ Estemnal

i

LCancel

Start IviumSoft before any other action

1] Make sure OME instance of lviumSoft iz running.
2] Prezs in lviumSoft [Connect] button [top, left of window).
3] Prezs in SECMu: [vium driver [Connect ta lviumS oft and [viumStat].
] ) 4] Click [Cell On] # [Cell O] until [viumSoft and SECMx are in same status.
5] Select the cell type, press [Apply] in SECH:x:|vium driver.

Connect to lviumSoft and lviumStat | Serial number: -

Cell Estat 4: potentiostat with 4 electrodej IStanda[d j

& On | celog | [i0kHz e =]

WE1

Patential /¥ [0.000

Fange 0 ps hd
Bt /A =

15kat Curent /4 ID.DDDDE +0

[feasured E /4

5) Now the loading process of the software is completed and you see the surface.

6)

Adjust the screen. It is recommended that you have the control panel of IviumSoft
somehow visible on the screen. SECMx main window will occupy the entire upper
range of the screen.
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SECMx Application Eror Log

[17:17:45] Ivium loaded, index = 4, channels = Z1
[17:17:45] CHI-701 loaded, index - 5, channels = 3

[17:17:45] Maerzhaeuser-xVZ: initialise() called with indexComHi=1
[17:17:50] Maerzhaeuser-XVZ: successful inirtialized.
L 50] Maerzhaeuser-XVZ: CRITICAL - No response from the motor,

[17:17:50] Please check configuration ini Files, dewice o Papierkorb
[17:17:51] Iwvium: Device not enabled.
il start |J|§_|vium5nft e SECMx R 1718

During the first start of the software, you need to tell SECMx at which COM-Port
the Marzhéuser positioning system is attached. Select from the menu
Hardware/Setup Port connectivities. If you have connected the Corvus controll
box to COM1 select in the drop down list for COMT1 "Maéarzhauser". This
information is stored in the devices.ini file. It means that this setting must be made
for each devices_xxx.ini file one time.

Record a cyclic voltammogram in order to test the connections and the quality of
the microelectrode. You should choose in IviumSoft the register Method and set
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7)

8)

?)

the parameters for CV there. You save the result of the measurement as an Ivium
data file (*.idf). [You can also run a CV from the SECMx software, but due to the
communication overhead, possibilities are more limited]

Go back to the SECMx control. Select in the menu Hardware/Setup devices.
Select Ivium and press properties. In the setup window of the Ivium device, set the
potential of the microelectrode to a potential where a diffusion-controlled reaction
occurs at the microelectrode. Press Apply, Ok and Close the device selection
window.

Position the tip coarsely with the Hardware/Move motors. Pay attention to
absolute and relative positioning.

x|
General | 1 )
Inverse - Reposition or
Motor direction Position /UM chiek 7 um b
Axis ¥ |Motor 1 | 50 0 u /2)
Axis ¥ |Motor 2 | I 0 0 4
axisz [Motor3 ¥ 0 o =
[V Relative
Speed [um/s] 3 ]
status 10.0 /
-
Move :I-f"
Ok I Cancel | |

Select Experiment/Z Line Scan and approach the microelectrode to the surface.
Interrupt the scan, if the microelectrode touches the surface and retract to the
desired distance. Note, that approaching the electrode is the most difficult part of
SECM experiments. Depending on the sample, different ways have to be chosen.
The detailed explanation of all options is behind the scope of this manual. You
must select one motor and at least one data channel. Typically this will be Current
WE1@Ilvium. The value for Number of averaging should be set to 1 (when
reading IviumSofi!l!ll). If you only read AD channels you may send it to a
calibrated value (typically ca. 1724). [Alternatively you may use the routine Fast
Approach. It moves the electrode until a preset ratio between the initial current and
the present current is reached. If you approach an insulator this ratio could be 0.5,
for approaching a conductor it could be 2. The routine is faster than the way
described above but requires more understanding of the sample. See Section 1.6]

10) Test with a horizontal line scan Experiment/X Line Scan or Experiment/Y Line

Scan whether you see the portion of the sample you are interested in.

11) Select imaging. Set the parameters for the forward and back ward scans (1). Set

the parameters for the steps in the low frequency axis (2). The channels that can
read are controlled by the channel selection drop down (3) boxes separately for
forward and reverse scan direction (4). You can apply different potentials during
the forward and backward scans via the output option (5). You can also use the
output for triggering events like switching on light etc. If you do not want that
output of any kind is done during imaging, set the selection box to DO NOT
APPLY. In this case all the settings, that were made before the start of the image
in the Ivium control window will be maintained during the imaging.
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[DONOT READ

Shaw graphs | Hide araphs | 20 Graph s | 30 Graph s |

Action: Parameter input
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Time: 000000001 Lins /21
I

[13:TA 5T ¥ axis. First tick positions -1061. 49994 helow limit
[13:08:12] X axis. First tick position= -1864.99994 below linit (0]
[13:06:02] X axis. First tick position= -1875.99994 helow limit (-1
[13:07:06] X axis. First tick position= -1865.99994 below linit (-9
[13:08:06] Conversion error in min. Set to O
[13:08:06] Conversion error in max. Set to 1
[13:08:06] Conversion error in min. Set to O

jﬁstartl” *Ci\pboardOS—\rfanWew | 5 lviumSaft

Papierkerb

|[4a sEcx W 1310

The settings for the graphics are accessible via the buttons 2D Graph>> (1) and
3D Graph>> (2). You can select how many 3D plots you want to generate. One
data plot can be used for several plots.
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$04: 517 axis. First tick position= -I1561.49994 below limit
[13:05:12] ¥ axis. First tick position= -1564,99994 below limit (0]
[13:06:02] X axis. First tick position= -1875.99994 bhelow limit (-1
[13:07:06] ¥ axis. First tick position= -1565.99994 below limic (-2
[13:08:06] Conwersion error in min. Set to 0
[13:08:06] Conwersion error in max. Set to 1
[13:08:06] Conversion error in min. Set to 0

jﬁstartl“ Fe Cliphoardlo - irfanyiaw | 5 iumSoft | A4 SECMx WE 1311

Papierkarb

1.1.3 Editing parameters during an imaging experiment

Most parameters cannot be edited while an experiment is running. An important
exception is the number of line scans during Imaging. This is convenient because only
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during imaging it becomes obvious that more line scans are needed to capture an
entire feature on the sample. When the image is running, the size of the low frequency
axis window can be changed (reduced or increased). After editing the number of line
scans (1) press Apply (2).Graphs and time calculation will be updated after the
current line scan.

The number of scans can always be increased and it can also be decreased to the
number of the currently running line scan.

7 secmix _[={xi

File: Edit Hardware FExperiment Specis| Experiment

F>rDEEXKEE LA Sie e
: .
: W = E
= Em e
1maging - all curves * B .
ﬁ L ipply ifnA ifnd
‘|) {High fecticncy | Low fisauency | DataAcauizhon | oais ], 00428
Az Mator
- -0.0432
] [Mctor 1 @M asrzhasussgs = -noaz0q [) N A
&b position 5 um Fiel. position: 41 846 pm \/ 5 -0.04386
A -0.0424 i E -0.0440
wpei amsters Forward  Reverss \ 44
/ 1elay before scan 5 MDGD -0.0428 p -0.0444
2) Number of pints 20 20 \‘ /,ﬂ 0.0443
Siep (Bian del diection] wm 1000 |00 -0.0432 \\/ \ /’ EL
Spead prds 200 200 00435 ‘l f‘ -0.0452
Dielai) belore ADC B 010 010 : V 00456
-0.0440
] 4 ] 12 18
x4 g
aging - Fwck | / n? =
y i pm yipm
20 20
-0.0- -0.04;
Shiow graphie| | Hide graphs | 20 Graph»l A0 Giraph 32 18 16
Bactiore Sean forward ., 1 i
%: 3,053 Y2015 WValue: 0043071
Time;  0:01:19/0:1351 Line: 3 /21
] 5 8
[13:08:06] Conwersion error in max. Set tc
[13:12:32] X axis. First tick position= -Z 4 4
[13:12:45] ¥ axis. First tick position= -¢
[13:12:48] Conversion error in min. Set tc B =
[13:12:48] Conversion error in max. 3et tc Dﬂ UM
[13:12:48] Conwersion error in min. Set t Papierkord
[13:12:48] Conversion error in max. Set to 1 i
histart||| 3 clipboardll - irfanview | EFhiumsofe |[4a sEcmx i 1m1e

The movement follows a comb-like movement. The reverse scan retraces the forward
scan. In this way two images can be recorded that should be directly comparable.
Often there is a small offset between forward and reverse scans depending on
imaging mode, scan rate and working distance.

The use of Meander scans is explained in connection with 4D experiments.
The meander scan should not be used for normal imaging experiments, because there
is usually a small offset between forward and reverse scans.
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1.2 Using a bundle of UMEs

1.2.1 Setup

The routines are bdescribed for a setup with a Mérzhéuser positioning system and an
Ivium CompactStat with an WE32 extension.

|_—— AD/DA board
PCI DAS 1602

usB/serial | /N

| converter
IVIUM CompactStat
Corvus | |

Joy stick o)
IVIUM MultiWwE32

Z piezo Z
(mounted but not used)

positioning
system

—
Q
Zaber tilt table

|
UME array
(WE 1 -4,
up to 32 WE possible)

sample (substrate)

1.2.2 Step by Step to an Image

1) - 2) See 2.1.2.

3) If during the loading process the window of the Ivium driver pops up, press
Connect. (1). Select the cell type you need (2).



i+ properties of [Ivium multipot. WE32] ;IQI!I
line Paotential offset ¥ offset ¥ offset ioffset  Scale Factor
[ Connect & Pot-stat [~ Methods Ok | Cancel | Selecl Current elfectiye foset_ Mew Display woffset yoffset  ioffsst Scale cor.
W] Bl | ] st e il et line potential potential — offset [V] in I¥Soft [1.0 = no cor]
(| 1 = = = 0000 |ooooo(0.0000 [0.0000 {1.0000, Al
Start lviumSoft before any other action 1A v v o000 ¢ [ooooolooooo [o.0000 [ cooo
1] Make sure OME instance of lviumSoft iz running. a2 -A Y - 0.000 . 0.0000 |0.0000 |0.0000 |1.0000
2] Press in lviumSoft [Connect] button [tap, left of windaw). [T
T T e LER v ¥ Joooo | € {0.00000.0000 0.0000 1.0000
4] In lviumSoft meu Options/Option, panel Environment: check “'Multiw/E 32" 4 A Y - -
5] Press in SECMx::Iviundw/e32 driver [Connect to lviumSoft and IviumStat] r o Lo ﬂ .
1 E] Click [Cell On] / [Cell Off] until IviumSnft and SEEMH are in same status. & —&a ) - 0.000 » 0.0000 |0.0000 |0.0000 {1.0000
) 7] Select the cell type, press [Apply] in SEChux:viumiwe32 diver.
\ 6 —A = = 0000 ¢ |0oo0o [0.0000 [0.0000 {1.0000
Connect to [viumSoft and lviumStat | Sernial number: BO00G 7 —a& - =Y 0.000 [ 0.0000 |0.0000 {0.0000 {1.0000
- | L
F4 g A =Y =¥ 0000 ¢ |0oo0o |0.0000 [0.0000 {1.0000
) ICeII Estat 4: potentiostat with 4 electrodEj IStandard j ul —_—
[ - g —A =Y =¥ noog © [0.0000 [0.0000 [0.0000 {1.0000
(el Estat 4 poten with 4 eleciiodes | : I‘I ikizlite: jv 104 Y - oonn - 00000 [oooon [o.oooo [1 o000
Cell IStat 4: galvanostat for a single electrod |
W 11 -A = = 0000 ¢ [0oo0oo.0000 [o.0000 [1.0000
Potenial / [6.000 —
T 12 A = = 0000 ¢ |0oo0o [0.0000 [0.0000 {1.0000
IR 13-4 =Y =Y 0.000 ¢ |0.0000 {00000 [0.0000 [1.0000
Eepis - 14 -A ~-¥ =% Joooo ¢ [ooooo[ooooo [o.oooo [ioooo
ftat Corent /4| ply] to make efiective.  |INIIRERS =¥ -V oo C [o0000[00000 [0000[ioamn) .
] dlE /) -
EZ2E Apply | Set | Set | Set |

4) If you use an array of microelectrodes you have to check in column Select line
which Ivium channels/lines you have connected to the channels of the
microelectrode array (1). Please note that the channel numbering of SECMx is from
0 to 31 in contrast to lvium MultiWE32 (from 1 to 32!). Example: Channel/Line O in
SECMx means channel 1 in Ivium MultiWE32 and channel/line 23 in SECMx
means channel 24 in Ivium MuliWE32. The tips of the array may have positional
offsets on the sample and differences in electrochemical response (for instance due
to slight variations in their size or working distance):

- x position offset (2) (x offset, x offset[li] = O means the i-th electrode has the
same x coordinate as electrode[0]),

-y position offset (3) (y offset, y offset[i] = O means that electrode i has the same
y coordinate as electrode[0]),

- current offset (4) (i offset, i offset[i] = O means that no offset is applied to the
values coming from sensor i),

- correction factor of the sensitivity (scale factor) (5) (Scale corr., Scale corr.[i] =
1.0 means no correction is applied for electrode i).

Only the original measured data are shown in SECMx and are saved in the files!

The correction values are written additionally in the saved data files. The saved

data files are treated in MIRA afterwards. In MIRA the original measured values are

corrected then with the offsets and scale factors. It is easily possible and intended

to change the offsets and scale factors in SECMx via Hardware/Setup Devices

and afterwards do fine tuning of the correction values in MIRA. Please read also

the MIRA manual. After entering the offsets and scale corrections click the

corresponding Set buttons (6). Now switch on the electrochemical cell (7). Check

that the corresponding option control in IviumSoft and the red LED at the

CompactStat will also switch on. Then select the current range (8). Enter the

potential (9) and select the filter (10). Press Apply and then Ok.
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' properties of [Ivium multipot. WE32] z ;Iglil

Ling  Potential offset  Wioffset W offset joffset  Scale Factor

| ¥ Connect ¥ Pot-stat [~ Methods Ok Cancel § Select Curment  effective. Offset New Display Y« offset Ry offset i offset fScale cor
I iEa 7 S tine: ol el Gl slertiores line potential potential  offset [¥] in Y5 oft [1.0 = nao cor]
. . W 0 25552pA  0500% 0000Y (0000 @ 0.000 |0.000 0.000 {1.000 it
Start IviumSoft before any other action 7 1 25Eeph 0500V 0000V [0.oo0 ¢ [oomo Jooon | [oooo oo
1) Make sure ONE instance of lviumSoft is running. e [ 2 25864pA 0500% 0000Y |nnoo «  [ooon [oooo | [oooo [1oo0
2] Press in lviumS oft [Connect] button [top, left of window). — PP | D | D e
3) Slect in lviurGoft Tab Direct. Option HiSens 3 Zaf08ps  0200% 0.000% |0.000  [oooo [oooo | [oooo [rooo
4] In IviumSoft meu Options/Option, panel Environment: check “Multi/E32" o5 OGR4 0500% 0.000% -
5] Press in SECMu: bauriw/e32 diver [Connect ta lviumS oft and lviumStat]. belid i _D_D_DE_ _D_D_DE_ _D_D_DE_ _D_D_D_D__ l_D_D_D_
6] Click [Cell Dn] £ [Cell Of] until |viumS oft and SECM# are in same status ¥ & 2REBE4ps  0500Y D000% 0000 e 0,000 0,000 0.000 {(1.000
7] Select the cell type, press [Appl] in SECHx:1viumiwie32 driver. e —
2 [ B 26708ps  0500Y 0000% 10000 C |oooo o000 [oood 1000
Connect ta lviumSoft and [viumStat | Serial number: BOS00E ¥V 7 25708 pA 0.500% 0.000% 0000 . 0000|0000 0.000 {1,000
[~ & 25708ps  0500% 0.000% (o000 . onood [oooo | [oood {1oon B
ICaII Estat 4: potentiostat with 4 eIectrode_‘J IStandald LI — =
— [~ 3 25552pa  0500% 0.000% (0000 © oooo o000 [oood {1000
¥ el o Cell On | Cel O | I1 kHz filter i P— R TS TR R
3 = z [T 1025708 pa  0500% 0.000Y 0000 © oooo fooo0 o [oood 1000
WE1 [~ 112586408 0500% 0.000% 0000 ¢ Joood [oooo | [oood iooo
([ ettt [~ 12255524 0500V 0000 [gooo € [oooo |oooo | |o.000 1000
Rang [~ 1325864pa 0500V 0000Y [0o000 ¢ [ooo0 foooo [oooo oo
Cuent / pd : [~ 142586408 0500% 0.000Y (0000 [oooo [ooon [oooo [iooo
‘ Biat Curre: [~ 1526.708ps  0500Y 0.000% (0000 C oooo (o000 [oood {1000 L’
teasureds /1

Apply \ Sel | Set , Get |
\ <I /
6)

10)

5)-8) See2.1.2.

9) See 2.1.2. Note that you have to select Bundle Experiment/Z Scan Bundle and
the correct data channel. For bundle experiments with Ivium MultiWE32 two
different measuring modes can be used. Sequential means that all active
channels are measured one after the other each in 20 ms (noise reducing but time
consuming). Multiplex means that all (always all 32!) channels are measured
simultaneously in 100 ms (fast but a bit more noisy), but only the measured data of
the channels which are selected in SECMx are stored and saved.

10) Test with a horizontal line scan Bundle Experiment/X Scan Bundle or Bundle
Experiment/Y Scan Bundle whether you see the portion of the sample you are
interested in.

11)See 2.1.2. (2D image bundle). You have to pay attention using arrays of
microelectrodes with respect to LF axis! If the LF scan length is larger then the
electrode to electrode distance you will scan some areas of the sample double.
This means that the first channel of the array will measure areas which the second
channel of the electrode has already scanned within its first scans. This doesn’t
make sense and you should avoid this situation. The following illustration will help
you to understand the meaning of Number of linescans (NOFS) (1) and Low
frequency Step (LFS) (2). The first linescan (HF forward scan) of the image is
done at the start position. Before each following linescan the Low frequency Step
is done. The LF scan length (LFSL) is then calculated by LFSL = (NOLS - 1) * LFS
and has to be shorter than the electrode to electrode distance (ETED, y Offset) of
the array:

(NOLS - 1) * LFS = LFSL < ETED

Example 1:
11



Electrode to electrode distance of the array, ETED = 500 um.
Low Frequency Step, LFS = 25 pm.

Number of linescans, NOLS = 20.

=>(20-1) * 25 pym = 475 pm < 500 pm

This is ok!

Start position 2nd electrode channel

A -
= Linescan O
2 Linescan 19—
© =z
2 z
3 3
- € IS @
(U 3 = 9h
Q Sl IL =
(%3] 0 < 3
w
g
S _ >
S £ Linescan 2 I
S 3 . N
"u: gl— Linescan 1
- h Linescan 0 ——
>

/ HF forward scan direction

Start position 1st electrode channel

Example 2:
Electrode to electrode distance of the array, ETED = 200 um.

Low Frequency Step, LFS = 30 pm.
Number of linescans, NOLS = 8.
=>(8-1)*30 um = 210 ym > 200 pm

This doesn’t make sense! The last linescan of the first channel scans the area
which the second channel already has scanned!
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Start position 2nd electrode channel

A Linescan 7 ——
- Linescan O
3]
B
o z
S =
< IS g " - o
© g_ o " " S
O o -~ =
(7] N N L] n 8

w
S o
® . @
s £ Linescan 2 g
O =3 B oo
‘*U: gl— Linescan 1
- h Linescan 0 ——
>

/ HF forward scan direction

Start position 1st electrode channel

In example 2 you should reduce the number of linescans to 7 because then (7 -
1) * 30 ym = 180 ym is scanned with each electrode which is less than the
electrode to electrode distance of 200 um.

12)If you want to scan areas which are in LF axis larger than the number of array
electrodes with electrode to electrode distances provides then you can select
Bundle Experiment/2D image bundle with large increment step. You can
enter a number of images (1) and a LF large step (2). These images are then made
one directly after the other during this experiment. In MIRA these images are
merged together to one image. For each single image HF parameters and LF
parameters (here Standard step, (3)) are equal to the ones in the 2D image
experiment. It is possible to select different motors for standard and large step
(explanation will follow in next SECMx manual version). If you use only one motor
for LF axis select for standard and large step the same motor (4).
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Imaging with large increment steps 2
Mumber of linescans per image |1 1} Apply

Mumber of images |2 T i
[ Use liftt aff for entire HF rev. line + LF axis i I

High frequency  Low frequency | [rata Acquisitionl

Ayiz  Motor large step

IE IMotor 280 ummy Motars A
Absz position: 0.000 pm Rel position: -~ um \ 4)

Motor standard step
IMotor 2@y b ators j"

3) Absz. pogition: 0.000 pm Rel position: -~ um
Experiment Paral Standard step  Large step
Step [Sign det. direction] pm ? 25 2000

Speed fonward umf{ 20 20
Speed reverse uma’s\ 50,00 50.00
[~ Increment after each half scan

[ Use poirt ta paint lift-off low freq, fangard > I
[~ Use poirt ta paint lift-off low freq, reverse B I

Show graphsl Hide graphs I 2D Graph >>| 30 Graph >>|

Action: Parameter input Value: --
- == Image: --) 21
Tine:  0:00:00/0:00:01 Ling: -l 21

A detailed description of the parameters for standard step and large step are

shown in the following figures:

a) Image:
o 1Y, 5
%
11117100007
]
i

4

i/’ 'Il/ ’

F

1000

2000 3000 4000 i/ nA

0 1000
x / pm

b) Image with explanation:
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3000
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1000
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1.3 Operation of Fast Approach as an example of a 2D
experiment

The Fast approach is explained as an example of 2D experiment. It serves for fast
positioning of the probe close to the surface. The movement is slowed down the closer
the probe comes to the target position. It is NOT suitable for recording SECM
approach curves for kinetic analysis o the sample.

s
e S : + ﬁj)_(. 1
SprPEXED @4 kel

secm workplace

IVjFast Approach parameters:
Mator

IMolol J@Maerzhasuser Y2 j -

Abs, pasiion;  1502000pm Flel postior: ~pm

Increasing Bosiive motor position i: —
& Approach " Retract

Max. scan length um
UME radius m
Target ratia | = iTATint

Approx. # of points for L < 5 5
Delay translation ADC s 020

Fast Approach Microspets Ca...

Iaarithrr

fpprozchsigndl [ Curent WE 1@lvium -
Distance depsndsncs [SECM approsch curve =

(4D channel
& Sequential © Multiplex Numb. Averag

Channels Néw  Plot
[oonoT RESD = e

i [oonoT READ i | EE

Input chanrel:
Charnels Hew  Plot

Current WE1@lvium =l |1 i~

DONOT READ

¥ Pogition @M aerzhasuser=rZ
Position(@M asizhasuser 7 I L
[12:1 Gl
[1z:t H98 below limit (-1
[12:0  Make Plotwin | Hide graphs I Giraph cantrol >> IBB? below limit (-1

[1l2: 997 below limit (-1
[12: (| Parameter input Ratio: — 897 below limit (-1
[12: 07T I3 WE¥=TU E00WE TINTC T57: 5EC O
[12:09:36] min= -10 above limit (-1496.99996). Set to -1486.89305

ggstartm e Cliphosrdos - Ifanyview | 5 vium3oft I 44 SECMx |

e 1209

The picture provides an overview for parameters for approaching an impermeable
insulator (e.g. a microscope slide). Depending on the mounting of the z motor and
increasing z coordinate may mean approach or retract of the probe (here approach).

The next field set the maximum scan length allowed if no surface is detected.

The UME radius is required to predict the next data point and to slow down the
movement appropriately close to the target.

The target ratio is the measured current relative to the current in the bulk solution. In
order to measure the current in the bulk the probe retracts and then moves forward.
The target ratio must be selected according to the sample type (for conductor >1) for
insulator < 1). It is recommended to use this routine above sample with either
completing inert insulating behavior or with very fast kinetics (bare noble metal).

Approximate number of steps for L < 5, determines how strong the movement is
slowed down close top the surface.
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Delay before ADC occurs in each method. In order to allow currents through the
motors to decay before a current value is measured it is advisable to have a delay. The
longer the delay, the longer takes the experiment (particular important in imaging).
Therefore, exploring the effect of this parameter is important.

The you select the signal for which the target ratio shall be measured.

Distance dependence currently contains only the SECM approach curves. For the
future potentially different distance dependences could be used to predict the probe
movement.

Then you select the AD channels and the In channels to be measured. All measured
channels become available for selection as approach channel. You must have selected
at least one channel to be measured and you have to have a signal channel for the
approach signal.

After start the probe is first retracted to measure the current in the bulk. It then moves
forward with steps equal to the electrode radius. If the surface is sensed by a change
of the current, the step size is decreased. Usually the probe shoots behind the target
and is than slowly retracted and kept on the target value.
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1.4  Lift-off mode for line scans and imaging

The lift-off mode provides a way to retract the probe between two measurements
points. This can be good for using probes that mechanically touch the sample. In the
line scans experiments and images you can check the lift of option and than expand a
table to specify the retract motor to set the lift of distance, the retract speed and
approach speed.

a) b)
Mator Mator
IMotor 1@ Dwmmy botors j IMDtDr @D urmmy Motors j
Abs. position: 0.000° pm Rel. position: = pm Ahbs. position: 0.000 pm Rel. position: ~ pm
Sean length o m Scan length Jrm m
Distance between ADC pm 1.000 Distance between ADC o 1.000
Translation speed prods 5000 Tranzlation speed pmdz  B0.00
Delay translation-ADC s 0.10 Delay translation-A0C s 010
: >> I ¥ Use point-ta-point ift off
—AD channel Az Mator
% Sequential  Multiplex Murmb, Averag. IZ j IMD[DI 3@Dwmnmy Motors j
Channels N Pla Abs pozition: 0000 pm Bel position: - pm
|AD0@Dummy ADDA -» NOT CONNECTE x| [2000 | F Stroke height um
- W Retract speed prndz 100,00
IDD NOT BEAD j |2EIEIEI r Approach speed pmde 2000
3 - —AD channel
—Input channel f* Sequential = Multiplex Mumb. Awverag.
Channels Iy Plad kel M Plal
Do NOT READ [ | | | ADD@Dummy ADDA -> NOT CONNECTE = (2000
- - - W
|DO NOT READ = r [00 NOT READ 2 || B
take Plotfin Hide graphs | Graph control << | r—Input channel
Channels Mty Plad
|00 NOT READ =l r
|D0 NOT READ 3| D =
take Plotwin | Hide graphs | Graph control << |

The line lift-off makes a retract and re-approach for each measured point

For images there are two options for the lift off. Technically both can be combined, but
at the moment that does not seem to make much sense. The point-to-point lift-off
mode (a) approaches the surface between each point. The line lift-off (b) does not
change the height during the line scan within one images, but increases the working
distances during the backward scan. In both modes the step in the low frequency
direction is always done at elevated distance.
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1.5 Some hardware considerations

1.5.1 Noise reduction by signal averaging

Many modern potentiostats communicate with the computer via USB, RS232 or other
digital data connections. Typically these devices contain an own microprocessor. The
Program on the PC loads methods into this microprocessor. The microprocessor
carries out the measurement. The PC only handles data storage and interface to the
user. The Ivium potentiostat is such a device. In SECMx the read channels of such
devices are called In channels, the write channels are called Out channels. (There
might be also devices that contain digital and analog channels and may be interfaced
in either way.)

The distinction between the two types of communication is important for a good noise
reduction. AD and In channels require a different treatment in this respect. Therefore,
you will find separate selection boxes for AD and In channels at all places were signals
are to be read. Where data must be written from the PC to external devices you may
find alternatively selection tools for DA and Out channels (CV and CA) or all possible
write channels are listed in one box (Imaging).

Noise reduction:

The main noise component is typically the line frequency (50 Hz in Europe). One
period of this frequency is 20 ms. If the current is integrated over one period of the
noise frequency, it almost completely cancelled. For AD channels it means that one
has to know the number of AD conversions a AD channel can make at maximum
speed within 20 ms. For an AD card with 100 000 kHz frequency, this value would be
NAv = 2000. Unfortunately, these numbers are not so exact and may depend on the
particular PC or version of SECMx. Therefore, it is strongly recommended to calibrate
the number (see Section 2.5). The obtained number should be used throughout
SECMx for NAv of the AD channels. The data should be read by the option
Sequential, i.e. first all averaging is done from one channel, then from the second
and so forth. Multiplexing means that reading cycles between all AD channels to
read. This reduces the time offset between data points if more channels are read.
Because the multiplexer used in the DAS 1602 is much slower than the AD conversion
rate, a suitable NAv must be determined separately. It is not even similar to the value
for Sequential!!ll

Devices with own microprocessors (such as IVIUM) perform these operation
independently and typically each data value delivered is already a result of a signal

integration. Therefore, further signal averaging does not make sense and the NAv
parameter should be left at 1.

1.5.2 Calibration of NAv (only for systems with AD/DA board)

1) Start the oscilloscope. Collect 10 data sets each with 100.000 data points. Select
an AD channel connected to the instrument you are interested in.
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L secmx

File Edit Hardware Experiment Special Experiment

2 p [ X

Oscilloscope parameters
Input frequency [Hz] 100000

Mumber of points per zet 100000

Mumber of data zets [ 0 = continous] 10

+ All sets into one fil
" Mew filz for each data set
i Save only last set

Channet
& AD channels " In channels

ADO@Dummy ADDA > |_out 1@Gen. Bipot =l
= né

Set nurber ba redraw [1.n, 0 = all] |1

Make Platywin | Hide araphs I Graph contral » > |

Hint: you should save the data as binary. Otherwise saving may take very long!!
Settings can be made under Edit/Preferences/Experimental.

2) Start MIRA.

3) Load the oscilloscope data set infto MIRA (Multiplot should be open). Click on one
data set.

4) Select Analysis/Optimize AD filter.

File Toals Data Plot farmat  Options + 7

=

Profile

Histagram
10 FFT

Curve fit Finite kinetics

Redraw

Plot selection
I~ MetSurt I Image Height

I™ Line Suf. ™ Image User Shade
™ umin. Suf ¥ Single 20

™ User-shad. Net ™ Multiple 2D

™ Usershad Lines [~ Show3

™ Usershad Suf. [ Contour

I Ilumin. + Net I~ Image + Cort

I Iumin, + Lines ™ [Height no 51

I~ Userehad. +Met [ [Usr Shads na Scl]
I~ Usershad. + Lines

Iri lle; CAF 34, VM_DT\stamuphstandard
Log fle: NOFILE

Input path: D-hsscmt,

Output path: D:\gunispmt

[IBL in vinual machine mode

5) Make the following settings and press start. As the smoothing is calculated, you
should see how the smoothing passes through a minimum. The setup is optimized
until the best size of the filter is determined. In this particular case it is 1906.
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Filter optimisation: T5_001.DAT

File Data

004

Data: D:AGuwisSOURCENDLEOMEXPORT \demotFILTERYTE_O01 DAT

o 3055
o
g ]
003F o B 300
o ]
o
o ]
002 5 E 295
o 3
o
o ] .90 -
081 F o oobo8feag
o ]
o o° ]
L k| 285
000 L n A n k|
500 1000 1560 2000 2500 3000 Filter size: 1303 Std = 0.000538437
305
Hurnber of filter elements 7 Piot each data set
300
Mir ISDD
IV Plot filered data
Max |3UUU »a5[
[V Plat std vs. filter size
Divisions|31
Best filer: 1906 80
Start Cancs| senl

You may want to repeat the procedure with other data sets and make an average
of them. This can be done by loading all data sets into the Multiplot window of
MIRA. (If you have saved all data sets from step 1 in one binary file, this will
automatically be the case.) Then start Analysis/Optimize AD filter from the

Multiplot window. In this case all loaded data sets will be treated and a summary
will be generated.

Filter optimisation: All possible files
File Data
Best filter sizes for all data ssts
25
1915
200 ] oon mm & oom o oooffton Yo
1910 f 0 oom om om q
oo o o
o o o
s ] 1905 o B
1900 1
10+ bl
1895 q
o
5r b 18490
-0 ¢ 1 20 30 40 50 60
o L1, I ! L
1850 1845 1900 1905 1510 1915  STDEV of best filters for all data sets
0.005
Number of filter elements ¥ Plat sach data set 0.004F . E
Mir: [ 1500
¥ Plot fitered data 0.003F E
M | 2500
W Pt std vs. fiter size 0.002 F . E
Divisions |3 |
Best fier size for whole set: 1511.00 b.oate ° i 3
st filter size: for whole set o o
T it cis iR a ot
0.000
Start Cance | -0 ¢ 1w 20 30 40 50 &0
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1.6  Generic and hardware-specific experiments

1.6.1 Generic Experiments

Generic experiments are designed to work with any hardware. Hardware-specific
experiments require the availability of particular hardware. For instance, a CV can be
performed by incrementing the potential of the working electrode in regular intervals
through a command from SECMx. This is a generic way of performing the experiment.
However, due to the time delay in passing information through an USB connection, the
timing accuracy is limited and rather large potential steps may be required even at
moderate scan rates. At analog potentiostat driven by a voltage from an DA board
(with much faster communication with the PC), this procedure may yield acceptable
results at moderate scan rates. Use of such a routine is fine as long as a steady state
response is expected (like an ultramicroelectrode cyclic voltammogram).

Many commercial potentiostats offer the possibility of programming the entire CV
before the start. The timing and realisation of the signal is performed by an internal
microprocessor of the potentiostats and the resulting data are transferred to the PC on
which  SECMx is running during or after the potential cycle. That is, SECMx is
programming the CV on an microprocessor inside the digital potentiostats and picks
up the results if the experiment is done. The definition of the CV depends on how a CV
is specified by the commercial potentiostats and therefore varies from instrument to
instrument.

Here only the definition of the potential program is given for generic experiments.

The CV is defined by the start potential, the first vertex potential, the second vertex
potential, the final potential, the number of half cycles, the potential step and the scan
rate. HALF cycles refer to complete sweep between the two vertex potentials. Before
this, a sweep towards the first vertex potential can be added as well as a segment after
reaching the vertex potential for the last time. With those parameters, wave forms can

be defined very flexibly. Some examples are give below for typical situations.
2 half cycles 2 half cycles
Evs

E/V
g
g
1
m
= m
S
L
i
i
E/V
m
EL
m
N

tdelay

2 half cycles 3 half cycles
Elma\ -
Evz Evo Evo= Efina
> >
I w
Estart = Ev1 Estart = Ev1

taelay

2 half cycles 3 half cycles

EV1

E/V
E/V

tdelay
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1.6.2 Special Experiment

Special Experiment routine can be used with a digital (Bi)Potentiostat which can be
controlled with its own software, e.g. Ivium CompactStat with IviumSoft. An experiment
like cyclic voltammetry can be opened and started via SECMx user interface in
IviumSoft. Therefore the experiment is completely controlled by Ivium. This has several
advantages, such as the usage of all device specific parameters, e.g. high scan rates
up to kV/s, and additional experiments like impedance spectroscopy. All parameters
and measured data can be saved in SECMx format. This offers interesting
opportunities for Volume scans (see 2.8).

List of integrated Ivium CompactStat experiments (changed 22.10.2010):
- Transients — ChronoAmperometry
- CyclicVoltammetry — Standard
- Impedance — Constant E
- Impedance — Constant |
- Impedance - PotentialScan
- Impedance — CurrentScan

For the Gamry potentiostats the following special Experiments are available
- Cyclic Voltammetry
- Chronoamperometry

1.6.3 Operation with Ivium potentiostats

Start IviumSoft before using SECMx! It is strongly recommended to change nothing in
Iviumsoft while SECMx is running! Save a method file in IviumSoft in a folder of your

choice.
:7__5'Ivium
File ©Options Tools Help About
Load dat. -
S::e d:t: __l “EWHUVlEHHm |” Advanced hd |“ Sighiew IEatchMDdeI |
Add data Result graph I Result data | E scanl
Load dataset
N 1/({ || scate | ||| anapsis -|_eat =] ||[zPm Rs.cs| 2z [ v,
Save Wisible DataSet - |=
2D
Load method Do
Save method
— i Result
Export data as ASCIT ___ 010
Expaort DataSet asasci LI IZ '
Import data as ASCIT |Unit Car |
Exit e
Title Scan 1 ’_X 7
A
E start 0.0000 | Y " -

+Dynamicveteres [ QOff
pre 4

o om — 0 .
You should save the method file with “cell after meas: ON". Otherwise the cell will be
switched off after one experiment and you have to switch it on again in SECMx via
Hardware/Setup devices if you want to make SECMx experiments.

Wertex 1 1.0000

Then start SECMx. Special Experiment will only be available if you have loaded and
connected the Ivium Bipotentiostat correctly in SECMx. Select the menu Special
Experiment/Load lvium method. Then load the Ivium method by clicking button
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Load Ivium method and selecting the *.imf file. A help pdf file will be opened by
clicking the button Open help. The needed Ivium Special Experiment channels are
selected automatically. They are different for different kinds of experiments.

EE —

Flle Edit Hardwars Experiment Spevial Experinient

2P>DPOX KE @4

T e T e —

[For help please click Open help

help_huuun' [pdf reader - -

required] Load lvium method |

Loaded Ivium method file: H Load Ivium method file llil
Ivium Method: J Suchenin | (B} Deskiop B =

lvium Technique: L | Eigene Dateien

— n - "} Arbeitsplatz
- lvium Outpa Charne N histzwerkumgebing

DA Channel (= Out Channels D |55 ImpedanceTestMessungen

. -
| SpecExn DuiChannel@lvium Bipot = w |CiMesstechnik Lsa
|2)Programming

(- lvium Input Channeks- s CLEAUES | SECHBackup0eluly 2010

Channels Mbyv  Flot 5 L7) SECMxBackup 16A0gUst2010

|5pacExp InChannel @l vium Bipat ﬂ 1 | ‘ .m B

WO, | ) ouvi
Eigens Dateien f{ Fpriappessos
ISpecExn InChannel20@ vium Bipot j 1 = i
Load lvium method if[
Aubitsplats

Analaginputs none .

+hutoCR r o o

Cellaftermeas [ On | -

(ISP es]  Dateiname: 4 il b Offnen
E stardby oom ¥ = I &l ;

Pretreatment 0 | lewsts Dateityp: | files [".iraf) = Abbrechen )

Then click start. You can see the plot during the experiment in IviumSoft, not in
SECMx. After the experiment has finished you can save it in SECMx and/or in
IviumSoft. In the file saved in SECMx all information like the used parameters and so
on from the Ivium method file are saved as well as the measured values. Loading the
experiment in SECMx is not possible!

1.6.4 Operation of Gamry Special experiments
The paramters are set within an Window of SECMx

(Example to be filled)
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1.7 Four-dimensional measurements (4D, Volume scans)

1.7.1 Areascan and dependent experiments

In 4D experiments the probes takes the same way as during in images (including the
options of lift-off). At each point of the grid a complete 2D experiment (CV,
chronoamperometry, z-linescan) is performed instead of reading a value of the input
channels. The parameters of the dependent experiments can be specified in a
separate parameters window. The background color of this window is gray in the
figure below and can be customized under Edit/Preferences.

Parameter for Parameter for
2D scans dependent experiment
-8 x|
File Edit Hardware Pperiment Special Experiment
D EEOXKBE 9 sl
o
Em oW
B
Yolume Scan all curves
Number of linescans 21 Apply |
[~ Use lift off for entire HF rev. line + LF axis P
High frequency | Low frequency |
Axis  Motor
[x=] [ Mator 1 @Dummy Motors ||| [Delay befare star o | Graph for 4D experiment
Abs. position: 0.000 pm Rel. position: ~ pm Number of cycles 1
Experiment Parameters Forward  Reverse Time between cycles 0.00
Delay before scan 3 m 0.00 ~Potential progran
Humber of paints 21 21 ¢ DA Channel € Out Channels
Step (Sign det. direction]  pm 1.0000  1.0000 IDAIJ@DummyADDA > NOT CONNECTED L]
Speed pm/s  50.00 50.00 -10.000 W > - -
Delay before exp. s 0.10 0.10 —AD channek
[~ Use point to point lift-off high freq. forward >> I & Sequential " Multiplex Numb. Averag.
. e . Channels Navy Pl
|~ Use point to point lift-off high freq. reverse >
— [poNOT READ 2 | ol il | ¥olume Scan Fwd: Chronoampe
Farvard I Heversel - -
E1/v 000 |DONOT aPPLY ~1 ||| |[ooNOT READ ] 000 =
E2/v 000 |0 NOT #PPLY = -
~Input channel:
Exp.: IFwd Chronoamperometry j Channeks N Plol
Hide graphs | 2D Graph »> | 30 Graph » | | | /DO NOT READ L] — Graph for the dependent experiment
Action: Parameter input
X Y- Walue: -~ IDD NOT READ j 1 r
Time:  0:00:0040:00:01 Line: - /21 - -
take Plotiwin | Hide graphs I Graph cunlrol>>|
| | - - 1 ‘Pararnelev input Cycle: e
. «
K
[20:55:36] Conversion error in max. Set to 1
[20:55:36] Conversion error in min. Set to 0

The same color scheme is used to distinguish the graphic windows that refer to the 2D
scanning and the individual 2D experiments at each grid point. The image is
reconstructed from a specified parameters of the 2D experiment (average, min, max,
..). This mode can be used to perform redox competiion mode or surface

modifications.

1.7.2 Meander scan

4D experiments can take very long. Therefore, it can be a good compromise to
avoiding the retracing and record dependent experiments also in the reverse scans
(especially for hopping mode, see next section). The meander scan is caused by setting
the check mark on the Tab Low frequency. Please not that the background color of the
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input field on the tab High frequency is changing to indicate that the software is in the
meander mode.

MNumber of linescans |21 Apply | Mumber of linescans |21 Apply |
[ Use lift off for entire HF res. line + LF axis » | [ Use lift off for entire HF res. line + LF axis » |
"Highfrequency  Low frequency | DataAcquiSitignl High fregquency |I=Dwfrequency| DataAcquisition'
Axis  Mator Axis  Mator
IY LI IMDtDr 2@0ummy hotors LI I% VI IMDtDr 1@D0urmmy kotors ﬂ
Ahs. position: 0.00 pm Fel. position: —m Abs. position: 0.00 prm Rel. position: — pm
Experiment Parameters Experiment Parameters Forward  Rewverse
Step (Sign det. direction) pm 1.00 Delay before scan H n.on 0.00
Speed forward s 5000 Murnber of points 1 21
Speed reverse prrs  50.00 Step (Sign det. direction) L 1.00 -1.00
[v Hi Speed prrgfs 5000 50.00
[~ Use pointta point lifeoff low freq. fonward >> | Bslaribetialoxs 5 Al il
[™ Use pointto point lit-off low freq. reverse > | Reverse scan parameter set automatically
[~ Use pointto paint lift-off high freq. forward >> |
se pointto point lift-off high freg. reverse >3
[ Use pointto paint lift-off high freg
Show graphsl Hide graphs | 2D Graph >> | 3D Graph >> | Showe graphsl Hide graphs | 2D Graph >> I 3D Graph >» |
Action: Parameter input Action: Parameter input
= = Walue:— = Y= Yalue:—
Time:  0:00:00/0:00:01 Line: = /21 Tirme:  0:00:0040:00:01 Line: — {21
T T

In the Meander Scan Mode, the data acquisition and scan parameters for forward and
reverse scans are identical. Input data for reverse scan are ignored. The parameters of
the dependent experiment for the reverse experiment are copied from the dependent
experiment of the forward experiment at the moment when the experiment is started.
In order to force an intermediate copying of the parameter for the reverse experiment
during setup of the experiment use the button for pre-calculate the duration of the
experiment in the SECMx menu bar.

The movement of the electrode is shown below.

i
.
.

TTTTTTTT177

betedehel et

Ay| ! Ayl2

—

AX

As a result, two data files are stored. One datafile contains the data of the forward
and reverse scans as separate data blocks. This file can be loaded into SECMx. A
second data file with the appendix " MERGED" contains the data in one data block. It
can be read by MIRA for data processing. It cannot be loaded by SECMx.
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1.7.3 Hopping mode experiments

Hopping mode experiments can be realized when selecting 4D experiments with
meander mode and z-scan as the dependent experiment. Within the z-scan parameter
the options Automatic stop upon threshold detection and Automatic retract are
selected. Within the expandable Retract control, Retract by Fixed distance is selected.
The regular scan length is then the maximum scan length and must be larger than the
fixed retract distance. In oder to avoid collisions of microelectrode and sample during
the reverse scan, there are two possibilities: i) use the line liftoff or ii) use the same
dependent experiment (z scan with threshold detection and retraction by a fixed
distance for the reverse scan).

Fle Edt Hardware Experiment ?

2r b EEDXKE

Volume Scan Scarn
MNumbet of linescans I21 Apphy | tiotar hatar
[T Use liftoff for entire HF rev. line + LF axis == [Motar 3@Dumn’ry Ll - =l [Metar 3@Dummy Matars ~|
Abs. position 0.00 pm Fel. position: — WM | Abs, position: 0.00 pm Fel. postion: —m
High frequency IL_DW frequen:yl Data Acquisition | Delay before scan 5 m Dielay before scan 3 0.00
Axis Motar Scan length prn  160.00 Sean lendgth g 16000
B vi IMmm 1@Dumrny Motors L‘ Distance between ADC pm  1.00 Distance between ADC T2 ]
Abs. position 0.00 pm Rel. position: = {m i SD_EEd Hivye E.U'D.D Translation spead urnfs 5060
Delay translation-ADC 5 010 Delay translation-ADC 0to
Experiment Farameters Forward Reverse
Dialay bef o0 [ [ Use painto-point it off 35 | | [T s st poit et >3
elay before scan s i
Number of points 7 7 [¥ | Automatic stop upon threshald LI ¥ Autoriatc st Lpan threshald LI
Step (Sign det_direction) pm 1.00 -1.00 [ | Autarmatic e [¥ Automatic retract 3>
Speed Wrnds 50,00 50.00 ¢ Tostart (& Fixed distance I Outaut 2ignal dliring exq: >3
Delay before exp, g 010 010 i
|Retrad speed after exp TLfE 10.00 —AD channel
Reverse scan parameter set automatically |Fixed retract distance pm  -20.00 @ Sequential € Wultiplex
[ Use point ta point liftaff high freq. forward 3> | Dutput signal during exp. 33 | Channels DA p"_°‘
7 T v
[ Use paint to point lit-off high fred. reverse 5> A channel |ADT@Dummy ADDA->U=f() UME@Schiam > | [2000
@ Sequential " Multiplex = s
Show graphsl Hide graphs | 20 Graph >> I 30 Graph >>| Channels KAv Plot |DO NOT READ ;l El
. s =t g ; v - —
Aiction: Farametaringut |AD1@DummyADDA >LI=A(i) UME@SchramLI |2EII]U v
W Ne— e - s ~Input channel
Tirne:  0:00:00/0:00:01 Line: —/21 | ||DONOTREAD | |Chﬁ"ﬂE'S B ':'A_‘“P"_D‘
5 - — DO NOT READ v
¢ -] ChiselectChannel.cp) |
i 2] CtlSelectTwinChanne GEAFATAN Input channel
= : GrdParani- | Channsls Ny Plot | |[BENOT FEAD ==
B CtiSelectMultipleling Grdparan |1_ (s
-] CrLitOtBoxcpp P — |DO NOTREAD LI = =
=] CirlRetractcpp 5 £ ke Blatwin Hide araphs Gitah cantre|>>
Bl CrinuSinnal mon GrdParam- |DO NOT READ ;‘ || = == | - |
b= D PHCA U D] = = ZI
SECMx Application Started . .
[17:26:06] Digital communication ports 1 MakePlotwin Hide graphs | _Graph canirol > |
[17:26:06] Dummy ADDZ loaded, index = 1, HINEIE — 29
[17:26:06] Dummy Motors loaded, index = 2, channels = §
[17:26:06] Schramm pBiPZ2 loaded, index = 3, channels = 2§
[17:26:06] Schramm pBiP2: Warning: regquested digital output to port that is not connected
[17:26:06] Schramm pBiP2: Warning: reguested digital output to port that is not connected

:06] Application and devices loaded

Please note that SECMx cannot accurately predict the time for such experiments
because the length of the forward experiment cannot be predicted for corrugated
samples. The tip movement is given below for one line scan within a 4D experiment.
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2 Operation with the shear force distance control

The operation of the shear force mode follows closely a paper by Schuhmann et al.
which should be cited. We received very detailed information on the Piezo electrode
shear force detection. Only the use of the Anfatec controler in connection with the
actuators from Physikinstrumente is a new "development" of the Wittstock group. It has
the advantage, that the SECM control computer is freed from the task of making the
evaluation for the electronic feedback and that the shear-force works completely
independent from the SECM main program.

References:

B. Ballesteros Katemann, A. Schulte, W. Schuhmann; Constant-distance mode
scanning electrochemical microscopy. Part Il: High-resolution SECM imaging
employing Pt nanoelectrodes as miniaturized scanning probes. Electronalysis 2004,

16, 60-65.

B. Ballesteros Katemann, A. Schulte, W. Schuhmann; Constant-distance mode

scanning electrochemical microscopy (SECM)-part |: Adaptation of a non-optical
shear-force-based positioning mode for SECM tips. Chem. Eur. J. 2003, 9, 2025-
2033.

U. M. Tefashe, G. Wittstock; Quantitative characterization of shear force regulation for
scanning electrochemical microscopy. C.R. Chimie 2013, 16, 7-14

For the operation in the shear force mode, connect the instruments in the following
way.

a) Perform steps (1) to (8) from section 2. In addition select that Pl sensor O@PI
P6xx family is connected to ADO@DAS1602/16 (in Hardware/Setup AD/DA
connections). (the number of the Pl ensor may vary depending on the setup)

b) Record a vibration spectrum of the pulled microelectrode about T mm above the
sample.

c) Record an approach curve (Experiment/Z Line Scan) and read the current Current
WET (not connected): Ivium

d) Record another vibration spectrum with the tip within 1T micrometer off the surface.
Overlay the two vibration spectra and select the excitation frequency at which the
highest difference in amplitude or phase is observed.

e) Retract the microelectrode about 100 um from the surface.

f) Give a setpoint. The setpoint is the ratio of the amplitude far away from the

surface and close to the surface. The change in the signal may be very small (only
2 % giving a setpoint of 98 % for instance). After setting the setpoint, the piezo

30



should expand towards the surface up to the maximum position. Since the sample

is not reached it will stay at far most extension.
AD/DA board
PCI DAS 1602

usB/serial | /|
converter

Corvus
IVIUM
(bi)potentiostat
Z piezo
positioning
system
<«—» X
Ref |
i
7 ] Aux
\ 4 |
/ ] |

Zaber tilt table

I J

[/

e?(itation d_etection UME sample (substrate,
piezo piezo (WE1) WE2)
g) Now perform a Experiment/Z Line Scan. Once the microelectrode comes close

to the surface, you should see how the piezo retracts while the motor of the
Mérzhéauser system drives the mircoelectrode towards the surface. This is displayed
on the screen of the Anfatec PID controller. If the piezo position is about in the
middle of the piezo movement range, stop the movement of the Marzhéuser z
motor. Now perform horizontal line scans with the spacing and speed you would
use for imaging and optimize speed and PID settings. This requires experience and
no clear rule can be given.

You can perform imaging and read Current WE1l@lvium (= reactivity) and
ADO@DAS1602/16 (= topography).
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3

Procedure Checklist

In order to operate the SECM efficiently, you should know what the following terms
mean within the SECMx program

OO0 OO0 000044

OO0

What is a 'channel'

What is a 'device'

What is a 'bundle'

What is a 'mixed bundle'

Which channels or devices require signal averaging? Which parameter controls
signal averaging? How is signal averaging optimized?

What are 'generic experiments'?

What are 'special experiments'? What are their advantages?

What is a generic cyclic voltammogram. How do | define the potential
program?

What is a line scan?

What is the difference between a 'z-scan' and a 'fast approach"? Which of them
should | use when | want to compare the approach curve to the theory for
steady state response?

How are the parameter defined for Imaging experiment?

What is the Meander mode?

What is a 'Volume scan'?
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