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Preliminaries:
1. For use of a Bio_logic bipotentiostat in place of a CHI760E, Other than the Bio-Logic bipotentiostat, ffollow the Bruker PeakForce SECM manual to set up all other settings except skipping the CHI760E bipotentiostat in that manual.
2. To guarantee the noise level of ~10 pA at 10 nA current range with 1 kHz filter, both the ultra-low current probes (or amplifiers) of the two low-current cables from SP-300 Potentiostas are REQUIRED toMUST be housed inside the AFM hood, as shown in Figure 1. The AFM hood itself is a very effective Faraday cage. 
[image: ]
[bookmark: _GoBack]Figure 1. Low Current Probes (or Amplifiers) are housedlocated inside the AFM hood, an effective Faraday cage. Cables are routed through a sealed clamp slot.

3. It is not clear what bandwidth the SP-300 bipotentiostat bandwidth uses is when the current is at the level of 1~–10 nA. However,  one can setA the filter setting of to be 5 Hz, 1 kHz, or 50 kHz. 5 kHz is too slow for AFM imaging. From our testing, either 1 kHz or 50 kHz has similar noise level. This is may suggest that possibly due to that the bandwidth might be below 1 kHz.
4. The noise level was tested using CA setting with setting time interval at 0.03 s, the filter at 1kHz, and the current range at 10 nA. The noise level is about 10 pA or 20 pA peak-to-peak. The standard deviation of the noise is ~9 pA. This is shown in Figure 2.

[image: C:\Users\Weilai Yu\Desktop\Bruker SECM_Mannual\Pics\Picture8.png]
Figure 2. Typical current noise level (~10 pA) in CA mode. The noise level was tested using CA setting with setting time interval at 0.03 s, the filter at 1kHz, and the current range at 10 nA.


Installation:
1. Firstly, cConnect the two low-current cables to the SP-300 Potentiostats and insert the two cables can be insertedin to the hood of the Dimension Icon through the holes at its bottom; The Channel 1 and 2 cables are shown is on the left and Channel 2 is on the right; respectively. The potentiostat cables can be fixed to appropriate position using tape; Low-current probes (blue ports) should always stay inside during measurement in the AFM Hood during measurement to reduce the noise level of the gained current signal; 

[image: C:\Users\Weilai Yu\Desktop\Bruker SECM_Mannual\Pics\Picture2+3.png]
Figure 3. Hardware configuration between the Bio-Logic SP300 potentiostat and the Dimension Icon AFM

2. For the use of the Bio-Logic as a bipotentiostat you must configure the instrument 
to use the counter electrode (CE) as ground (CE to Ground).  To do this Figure 4: CE to ground connection mode for using SP-300 as Bipotentiostat .
aaa

a) In the EClab Express software under Hardware configuration choose CE to Ground or in “Advanced Settings”, select the “CE-to-Ground” option.
b) Disconnect the cables from the cell., 
c) Connect the P1 and S1 (red) leads to the working electrode, Figure 4. 
d) Connect the S2 (black) lead to the reference electrode 
e) Connect the GROUND (black) and S3 (blue) leads to the counter electrode 
f) The P2 dark blue cable is not be used (open-circuit); 
g) Using only the alligator clips, these cables can be connected to the multi-channel BNC converters provided by Bruker and finally to the small electrochemical spring terminal on the SECM chuck;
3. The female DB9 connector can be used to interconnect the SP300 potentiostat with the AFM controller by use of the DB9 to multi-BNC converter. Two of provided by the Bio-logic can be used to directly connect the SP-300 potentiostat the AFM controller; the outputs from the converter are labeled E and I. Note that the E and I monitors have the opposite polarity to the real measured values i.e., if the analog output say -2V, it’s actually +2V at the cell. 
4. For the interests of SECM experiments, the connect the Bio-Logic channel 1connected S1 and P1 to the working electrode to the nano-tip working electrode and channel 2 (S1 and P1) to the sample. can be connected to the AFM controller so that its potential-current data can also be recorded on the AFM NanoScope software at same time; In order tTo achieve thisallow the AFM controller to monitor the currents and potentials for the tip and sample you need to connect the outputs E and I of the Bio-Logic to the Icon controller.  Connect Channel 1 outputs E and I from the Bio-Logic to the AFM controller using the “Low Frequency Analog” panel inputs 1 and , the BNC cables representing E and I signals from the Potentiostat should be connected to the Input1 and Input2 on the “Low Frequency Analog” Panel on the AFM controller.2. If one is interested in theTo moitor the sample sample current (or working electrode 2 in a 4-electrode configuration), this should be connectedconnect Channel 2 output I to and input to Lock-In 3 input.

[image: 图片%202.png]
Figure 45. The BNC connection from the SP300 potentiostat (E/I signals) to the AFM controller (Input 1/2) so that the electrochemical signals can be directly recorded on the NanoScope Software. If one is interested in tTo monitor the sample current (or working electrode 2 in a 4-electrode configuration), this should be connected channel 2 and to input to Lock-In 3 input.

5. The red/white/blue cables from the two potentiostat channels should be connected in the bi-potentiostat configurations according to instruction: two working electrodes (red), one shared reference electrodes (white) and one shared counter electrodes (blue, S3 cables) electrode shorted to the ground wires (black); the two P2 dark blue cables will not be needed (open-circuit); Using only alligator clips, these cables can be connected to the multi-channel BNC converters provided by Bruker and finally connected to the small electrochemical spring terminal on the SECM chuck; 

Figure 6. The connection of Bio-Logic Cables and Clips and the four-terminal converter inside the hood of the Dimension Icon

Figure 5. The connection of Bio-Logic Cables and Clips and the four-terminal converter inside the hood of the Dimension Icon

6. Before starting EC experiments on Bio-Logic, in the EC-Lab “Advanced Settings”, make sure to select the “CE-to-Ground” option so that the right circuit setting is chosen for a bi-potentiostat channel configuration;. The value of band width can be set at 1kHz to allow consistent data collections with scanning speed of the tip; In selecting experiment, one can either choose to select to use a normal single-channel experiment (CA/CV), or a combined bi-potetiostat experiments (CV-CA, CA-CA, CP-CA) by choosing the right the Channels 1/2. Before starting an experiment, a dialog box may appear asking for the change of the electrode configurations, be sure to select “No” and keep the configuration at “CE to ground”. Figure 7. Selection of the electrode connection and the filtering band width in the EC-Lab software

Figure 8. When selecting either a single-channel or a bi-channel experiment, be sure to select “CE to ground” as the electrode connection

Figure 6. Selection of the electrode connection and the filtering band width in the EC-Lab software

 
[image: C:\Users\Weilai Yu\Desktop\Bruker SECM_Mannual\Pics\Picture6.png]Figure 7. When selecting either a single-channel or a bi-channel experiment, be sure to select “CE to ground” as the electrode connection

7. [image: C:\Users\Weilai Yu\Desktop\Bruker SECM_Mannual\Pics\Picture7.png]During the actual scanmeasurement, the noise level at in CA mode with a time interval what is the time interval the time per point, the lines in the plot or between the dotted lines? of 0.03 s and band width of 1kHz is testedwas found to be as ~10 pA (as shown in the Figure 9below).; Figure 9. Typical current noise level (~10 pA) at an interval of 0.03 s and a filtering band width of 10k Hz recorded in the CA mode

8. When recording electrochemical data in the NanoScope Software using the XY data capture, please make sure that the current range selected is the same as in the EC-Lab and NanoScope Software; . For example, if the I-range is selected as “1 nA” in the EC-Lab, “1 nA/V” should be selected in the NanoScope Software. 
9. The Figure 9below demonstrates shows a typical CV graph of the tip working electrode in the NanoScope Software recorded by the AFM controller. 


Figure 8. Typical current noise level (~10 pA) at an interval of 0.03 s and a filtering band width of 10k Hz recorded in the CA mode


[image: ]
[image: C:\Users\Weilai Yu\Desktop\Bruker SECM_Mannual\Pics\Picture9.png]
Figure 910. Typical CV curve of the tip electrode recorded in the Bio-Logic software and in the strip chart of the NanoScope software. Note that the polarity is reversed which can be adjusted in the NanoScope software.

10. [Warning] During experiment, an obvious discharging behavior from the tip electrode at the beginning of each experiment was observed. This may be due to the ultra-small size the tip. This discharging behavior may impact the quality of the electrochemical data gained at the start of experiment. For example, The Figure below shows several continuous CV curves of the tip electrode. Due to the discharging behavior, the first CV was impacted and the CVs obtained later on appeared more well-defined and reasonable. 


Figure 10. Typical charging behavior of the tip electrode at the beginning of experiment and its impact on the gained first CV curve

11. From here, following the PeakForce SECM manual to continue your experiment. Below is a screen show of SECM tip current profiles at different tip-sample distance. The line plots on the right from bottom are at nominal 30, 100, 200, 400, and 750 nm tip-sample distance. The noise level is about 10pA (std = 9.3 pA). 
[image: cid:4d89c5c0-d756-4a2a-83e5-3e709ef78c1d]
Figure 11. A typical SECM results using the Bio-Logic SP-300 bi-potentiostat. 

image4.png
Cell Connection

H==
=
Bl /AR
2 2 e





image5.png
Cell Connection

H==
=
Bl /AR
2 2 e





image6.png
ACTIVE (FLASHINC

Low Frequency Analog

LockAn 3 General VO
Input 1 Input 2

put




image7.png




image8.png




image9.png
ent Edit View Graph Analysis Tools Config Windows Help.
Gk

‘Safety Limits

Fa o [0 me
[ Ewe max
Flevemn
on
el
(S
[ Analog IN2

[¥] Do not stast on E overload

Recod

[IEIS qualty indicators

[

[ Charmel \

oo m © Floating

) b rounded Filtering Band Width
v T

[ — 7] High speed scan

Deirion ofhigh speed vake
depends on the cutent tange used

Select “CE to ground”
/ ¢
W

Elotode Comeotins -
Modiyon dscorneciedcels oy [ Tewteport BY
Cfe v Ed
[l Smoshon [T peints
() Coste o dtafl et oop
(ke tochriues orb)

g e
585
Lamh





image10.png
ent Edit View Graph Analysis Tools Config Windows Help.
Gk

‘Safety Limits

Fa o [0 me
[ Ewe max
Flevemn
on
el
(S
[ Analog IN2

[¥] Do not stast on E overload

Recod

[IEIS qualty indicators

[

[ Charmel \

oo m © Floating

) b rounded Filtering Band Width
v T

[ — 7] High speed scan

Deirion ofhigh speed vake
depends on the cutent tange used

Select “CE to ground”
/ ¢
W

Elotode Comeotins -
Modiyon dscorneciedcels oy [ Tewteport BY
Cfe v Ed
[l Smoshon [T peints
() Coste o dtafl et oop
(ke tochriues orb)

g e
585
Lamh





image11.png
4 {2 Voltamperometic Techriques
Open Circut Vokage - 0CV
Special Open Circuit Voltage - SOCY
{<> Cyclic Voltammelry - CV
& Cychic Voltammetry Advanced - CVA
/' Linear Sweep Vokammelry - LSV
7 Chionoamperomelry / Chionocoulomelry - CA
L Chionopotentiometry - CP
&> Staitcase Voammelry - SV
~\ Large Ampitude Sinusoidal Vokammelry - LASY
. ACVoammelry - ACY
1l Levich plot
» &% Impedance Spectroscopy
- g Pulsed Techniques
Q Technique Buider
> gy Manual Control
> L Ohmic Drop Detemination

Single-Channe

Both select “CE-to-ground”

Bi-Channel Exp.

<Js Bipotentiostat Cyclic Vokammelry & Chronoamperometry - CV-CA
<Js Bipotentiostat Chronopatentiometry & Chronoamperometry - CP-CA.
s Bipotentiostat Chronoamperometry & Chronoamperometry - CA-CA.
4 {7 Electrochemical Applic
. {12 Batteies Testing

4 (& Bipolentiostat

Cyclic votammelry (CV) s the most widely used technique for
acaiing qualtaive informations about electiochemical
teacions. CV provides informations on redox pracesses,
heterogeneous electron-transfer reactions and adsorption
processes. It offers a 1apid localion of redox poteniialof the
electroactive species.

CV consists of scanning inearly the potential of a stationaty
working electrode using a tiangular potential waveform. During

the potential sweep, the potentiostat measures the current
tesuling from electiochemical reactions (conseculive to the
appied potential) The cyclic voltammogiam i a current
tesponse as a function of the applied potential

Insert Technique
Before
© Atter

Load from default
Advanced selling
[¥] Cell characteristics

Custom Applications
[7] Extemnal devices i

Rename

Remove





image12.png
4 {2 Voltamperometic Techriques
Open Circut Vokage - 0CV
Special Open Circuit Voltage - SOCY
{<> Cyclic Voltammelry - CV
& Cychic Voltammetry Advanced - CVA
/' Linear Sweep Vokammelry - LSV
7 Chionoamperomelry / Chionocoulomelry - CA
L Chionopotentiometry - CP
&> Staitcase Voammelry - SV
~\ Large Ampitude Sinusoidal Vokammelry - LASY
. ACVoammelry - ACY
1l Levich plot
» &% Impedance Spectroscopy
- g Pulsed Techniques
Q Technique Buider
> gy Manual Control
> L Ohmic Drop Detemination

Single-Channe

Both select “CE-to-ground”

Bi-Channel Exp.

<Js Bipotentiostat Cyclic Vokammelry & Chronoamperometry - CV-CA
<Js Bipotentiostat Chronopatentiometry & Chronoamperometry - CP-CA.
s Bipotentiostat Chronoamperometry & Chronoamperometry - CA-CA.
4 {7 Electrochemical Applic
. {12 Batteies Testing

4 (& Bipolentiostat

Cyclic votammelry (CV) s the most widely used technique for
acaiing qualtaive informations about electiochemical
teacions. CV provides informations on redox pracesses,
heterogeneous electron-transfer reactions and adsorption
processes. It offers a 1apid localion of redox poteniialof the
electroactive species.

CV consists of scanning inearly the potential of a stationaty
working electrode using a tiangular potential waveform. During

the potential sweep, the potentiostat measures the current
tesuling from electiochemical reactions (conseculive to the
appied potential) The cyclic voltammogiam i a current
tesponse as a function of the applied potential

Insert Technique
Before
© Atter

Load from default
Advanced selling
[¥] Cell characteristics

Custom Applications
[7] Extemnal devices i

Rename

Remove





image13.png
Sel
e
Ct IINOII





image14.png
750

~
w
o

Current, pA

—

Noise level ~ 10 pA

Time interval ~0.03 s

120
Time, ms

240





image15.png
750

~
w
o

Current, pA

—

Noise level ~ 10 pA

Time interval ~0.03 s

120
Time, ms

240





image16.png
Tip Current (nA)





image17.png
1000

Tip Current (pA)

Y-Tip Current

600

550

-500 -350

-450 -400
Tip Potential (mV)

X- Tip Potential vs. RE

-300





image18.png
Potential

Obvious Discharging Behavior
of the tip electrode at the
beginning

Tip Current

Tip Potential




image19.png
m‘«'WWWF“’“”“%\WWWW“/“W’*’“’“FWWMWWMN bt

ey
PR
VAL

= ’W'W‘M( M‘v /«/A Ww,wn
\‘WM !

e v,
e v WY'V‘WW e WWNV\V il "y

" o o o o . I

Spmifatomi  Spenafsgera 1
SN b 005 Tergieg O0He





image1.png




image2.png
Noise level ~ 10 pA

Time interval ~0.03 s

100

Time




image3.png
BNC'onnected

JAFM controller





