BioLogic

How to get clear

images in Scanning
Droplet Cell (SDC)*

*Advice made throughout this tutorial can be applied to
SDC measurements on the M470, and M370 instruments
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This tutorial aims to provide users with the information they
need to obtain clear images using Scanning Droplet Cell
(SDC, also known as Scanning Droplet System; SDS). We wiill
address a number of factors which can affect the SDS image:

* The sample

* The electrolyte

« Sample tilt and topography
» Configuration settings

Once mastered users will be able to measure both model and
novel samples.



The
Experiment
Components.
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Sample requirements.

* In an SDC experiment the sample is the working electrode in
the droplet cell

* An electrical connection is required
* Ideally the sample should be smooth and level
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Mounting the sample.

Blu-Tac

Con be used to hold small
(few cm) samples onto @

mﬁ blank.

, Epoxy Resin

Should only be used for
samples which are polished
before measurement.

g "”»77{ Beeswax
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Sample should not be

: ;ﬁ
- .~ porous, or adversely
- ) affected by heating.

A

Other

PTFE tape, parafilm, double
sided tape, glue, adhesive
medical tapes...
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Making electrical contact.

In SDC an electrical contact to the sample is required for it to
be used as the working electrode in the droplet cell

Soldered wire

Particularly useful for epoxy
mounted samples which will be
used repeatedly.

Copper tape

Useful for samples not easily
soldered to, or connected to with
a crocodile clip. Often requires
use of silver paint.

Crocodile clip

For large flat samples it may be
possible to directly connect to the
sample using a crocodile clip.




©Biologic - 2022

The SDC head.

The SDS470 is provided with two different SDC head types:

* Flow head
 Has a 500 um aperture
 Electrolyte refreshed throughout experiment
» Used for studies of the effect of flow rate
» Used for studies of processes producing product

* Reservoir head
 Has a 100 um aperture
 Electrolyte is the same throughout experiment
« Used when the highest resolution is needed
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The SDC head: Example.

The diameter of the SDC head affects the lateral resolution

SDC Flow Head ~ SDC Reservoir Head
/
\ / -
\ / Standard 5 mm Au disc
\ / g sample measured with
\ - tap water droplet for
e ] comyparison
\ / . o i =
i W= B e R T B A
Sample biased at -1.25V vs Ag/AgCl Sample biased at -1.25V vs Pt

The transition region is sharper for the reservoir head which has
a smaller aperture size.



Sample tilt
and
topography.
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SDC head position.

* To maintain the droplet the SDS head should be near the
sample surface (~100 pm)

* |t should not touch the surface at any point in the scan

Sample: Au biased at -1.25 V vs Ag/AgCl. Electrolyte: Tap water
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* Too much sample
tilt causes partial
or complete loss
of sample-droplet
contact

* Too much sample
tilt can cause a
loss of signal

« Sample tilt can
lead to probe
crash

Ay

-

2.80

2.10

1.40

— 0.70
0
0.70
-2.10
-2.80
- -3.50
0 0.70 1.40 210 2.80 3.50 4.20 4.90 5.60 6.30 7.00
X-Position (millimeters)
-4.80 -4.32 -3.83 -3.35 -2.87 -2.39 -1.91 -1.42 -0.94 -0.46 0

Sample: Au biased at -1.25 V vs Ag/AgCI.

Electrolyte: Tap water

Y-Position (millimeters)
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Dealing with sample tilt: During setup.

A spirit level is supplied to help level the sample in the TriCell
using the adjustment screws.

Levelling with

adjusting screws




Configuration
settings.
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Step scan or sweep scan.

In constant height SDC both step scan and sweep scan are available

Step scan: Sweep scan:

* Probe pauses at each point to * Probe does not stop during a line,
collect data measuring at given time intervals

* Multiple samples measured at a  Single sample measured at each
single point point

« Samples averaged * Faster measurement

O 1 2 3 » 4 5 5 0 >

N— —
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Step scan vs sweep scan example.

Step scan Sweep scan

ers)
ers)

on (millimet:
(millimet:

Y-Positi
Y-Position

-4.81 -4.32 -3.84 -3.36 -2.88 239 191 143 095 0.46

||||||||

mmmmmmmmm

In step scan it can be difficult to overcome noise added to the system from
the peristaltic pump. Reducing the flow rate and sampling rate can help.
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Positioning scan rate chosen to:

electing positioning scan ra

aintain positioning accuracy
void excess noise
void signal distortion

Y-Position (millimeters)

280 350 420 490 560

X-Position (milimeters) X-Position (milimeters)

() [ ) 486 420 373 -326 279 232 -186 139  -092  -045 481 432 384 33 288 239 191 143 095
e uce e}(p el Illlel | III.e mictoamps microamps.

5
@
£
H
€
s
-
8
&
S
X-Position (milimeters) X-Position (milimeters)
571 513 -45  -398 340 282 224 167 109 051  0.07 585 526 -466 -407 347 288 228 -169 -109 -050
microamps. microamps. microamps.

Sample: Au biased at -1.25 V vs Ag/AgCl. Electrolyte: Tap water

6.30

Y-Position (millimeters)

Y-Position (millmeters)
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Selecting a step size.

* While resolution is
ultimately dependent on

probe size, step size also
matters

* Oversampling, where the
step size is smaller than the
probe, is common

* Smaller step sizes lead to
clearer images but
increase experiment times

Sample: Au biased at -1.25 V vs Ag/AgCI. o

Electrolyte: Tap water e
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Flow out vs. flow in.

* Flow out should be
faster than flow in

* The droplet grows on
the trailing side if flow

vaq
2.80
(] (] 350
out . ow In Is too smq e
® I )
-5.89 530 -4.71 -4.12 3.53 2.94 2.35 1.76 117

stretching features

* Air enters the head if
flow out : flow in is too
large

* If scan rate changes

flow out : flow in should SR

be updated




©Biologic - 2022

"
0

What happens if there is a bubble?

* If there is a bubble present
the three electrode cell
breaks

* As the droplet passes the RE,
or CE swings in the signal are
seen

» See "Droplet balancing tips”
slide

4 -96 =77 -59 -41 -22 -4

microamps

Sample: Au biased at -1.25 V vs Ag/AgCI.
Electrolyte: 100 mM KCI

Y-Position (millimeters)
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Droplet balancing tips.

Sealing

All fittings should be wrapped in
PTFE tape to ensure an airtight
seal.

STATUS

1.300.00 uimin 9
g | The flow rate in should be set
slower than the flow rate out.

Flow rate

Distance

When the SDC head is positioned
too far from the surface it can be
difficult to balance the droplet.

Tubing

Old tubing may not be squeezed
as well by the peristaltic pump.

flow, too high
the head well.

Reference Electrode

The position of the RE is important.
Too low and it will block electrolyte

and it will not seal




Other SDC
Experiment
Options.
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ac-SDC

* Local impedance measurement

* Sample does not need to be fully
immersed

* Highly localized measurement

* Can be used to map impedance at
a set frequency, or to measure local
EIS spectra

0

0

3.50

2.80

210

1.40

0.70

o
~
=}

-1.40

-2.10

-2.80

-3.50
0.70 1.40 210 2.80 3.50 4.20 4.90 5.60 6.30 7.00

X-Position (millimeters)

0.78 1.57 2.35 3.13 3.92 4.70 5.48 6.27 7.05 7.83

Megaohms

Y-Position (millimeters)
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SDC for local electrochemical experiments.

» Confining the electrochemical cell to a microdroplet makes
SDC attractive for local electrochemistry experiments

« SDC can be used with all electrochemistry, corrosion and
impedance measurements in the M470 software

* Local measurements can be performed with manual
movement of SDC head between points or sequenced for
automated movement and measurement

4

Working
Electrode
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Sequencing SDC measurements.

* Experiment sequencer
can be used to automate
SDC local experiments

* Local experiments
include cyclic
voltammetry, and
electrochemical
impedance spectroscopy

* Logic steps like
movement, and pump
control, can be included

Mew

Electrachemistty | Conosion | EIS | SECM | SvP | 5kP | DS | 0SP | LEIS |

W Auto wn "Mew' on application start
v Auto run "Configure" on new Experiment




©Biologic - 2022

N
n

SDC sequence example.

- ’ Increase

Run local
experiment pump
. speed
% ExpSeql
> M|« 4 ¥ =f =
# | Experiment Type | Configuration
1 Begin-L1
2 lsaites Pump Control Ch1 pL/min: -2
- Move Relative +1000pm to X,
4 |..... Pump Control Ch1 pL/min: 0
5 e Tafel Experiment  Number of sar
6 End-L1
. [New...)
Reduce "
oumpP Reposition
head
P
1 2

Cu N

|Current| Vs Potential /

|Current| Vs Potential |Current| Vs Potential

R

9004

10.0p

Y

1.00p

Amps.
Amps
Amps

100n

10.

 x=0pm | X=3000 pm if 9000

M8e o3 0% 0% 008 0 008 0% 0% 03 04
its

0o 7 108 102 095 09 084 078 072 0% 06
volts

For more informotiown see; SCAN-Lab TN#21

-08 -07 -06 -05 -04 -03 -02 -0.1 0 01 02
volts



Conclusion.
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A number of considerations have been discussed with the aim
of optimising the SDC measurement. These considerations
relate to the sample, electrolyte, and configuration settings.
Understanding how to control each of these settings will allow
users to measure standard and novel samples.
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More information.

BioLogic Support: https://www.biologic.net/support/
BioLogic Contact: https://www.biologic.net/contact/



https://www.biologic.net/support/
https://www.biologic.net/contact/

BioLogic

Thank you!

contact@biologic.net (=)

BioLogic @
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