PeakForce Scanning Electrochemical Microscopy:
AFM-SECM with PeakForce Tapping
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Why PeakForce SECM?
BRUKER

A Energy driven research
A Batteries

A Photovoltaics
A Fuel cells
A Solar fuels

A In situ study

A Localized approach

A High resolution

A Surface topography

A Mechanical failure

A Electrical performance
A EC behaviors

A Biology and biosensors
A Enzyme activity

A Membranes permeability
A Respiratory activity SEI evolution during battery cycling
A Neurotransmitter  detection

A Materials and corrosion
A Electrolysis

1.65 nA

Synthesis
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A
A Surface etching/coatings
A

Anti - corrosion coatings
Catalyst nanoparticles with different EC activities
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Scanning Electrochemical Microscopy
BRUKER

A conduct electrochemical measurements on the scale defined by the tip
dimension.

A The nature and properties of the substrate perturb electrochemical
processes on the tip.
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SECM for Local Electrochemistry

A Current response changes upon imaging certain features

Active Hindered Imaging Imaging Imaging
site diffusion topography permeability transport

Unwin, Physiol. Meas. 2006, 27, R63
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SECM for Local Electrochemistry

A Approach curves for quantifying interfacial charge transfer dynamics

Conductive substrate

Insulator substrate

Hynek et. al . InTech , 2014 , DOI : 10.5772/57203
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Classic SECM and Its Limitations
BRUKER

A Typically, pn -sized disc electrode: i nt r i n s iresolufioh o w0

A Typical imaging modes : convoluted topographic & EC information

Constant height Constant current

AL
-

Tip-Sample Distance

Tip Current
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AFM Based SECM

BRUKER
A True nanoelectrodes = true nanoscale resolution
HS].Bnm
ﬁp 183 nm
71'3_44 L1|11W 3 = 70.5 nm
I—{ 10.6 pm ™
A Precise position control: e.g. the lift height in interleaved scan mode
/Electrochemistry
é 0.' ----------- e
Lift
e :C_lv .
. Topography and other properties
v
A Can be combined with most advanced imaging mode: PeakForce Tapping
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PeakForce Tapping

Probe is sinusoidally modulated at 1~2 kHz:
A Ultralow imaging force, < 50 pN.
A Stable force control.
A High resolution imaging
A Ease-of-use:
A No cantilever tuning required.

A Automatic image optimization

A PeakForce Quantitative NanoMechanics . Double -helix corrugation and height of a DNA plasmid
imaged at a peak force of 49  pN.

A Simultaneous nanoelectric measurement
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PeakForce EC-AFM
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A PeakForce imaging on a working  electrochemical system.

A Abuilt -in heater and temp control system (ambient ~ 65 °).

— Probe Holder

EC Cell

Closed Cell
When Engaged

A Electrochemical cell designed to be compatible with a wide range of electrochemistry.

A It closes up on tip engage for volatile solvents or additives.
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PeakForce EC-AFM in Glovebox
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PeakForce EC-AFM in Glovebox
BRUKER

In Situ and Operando Investigations of Failure Mechanisms
of the Solid Electrolyte Interphase on Silicon Electrodes

Ravi Kumar, Anton Tokranov, Brian W. Sheldon, Xingcheng
Xiao, Zhuangqun Huang, Chunzeng Li, and Thomas Miller

ACS Energy Left., Just Accepted Manuscript - DOI: 10.1021/acsenergylett. 6600284 - Publication Date (Web): 01 Sep 2016

Cycle 1, 1.5V .
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PeakForce EC-AFM vs. PeakForce SECM
BRUKER
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PeakForce EC-AFM PeakForce SECM

A PeakForce EC-AFM:

A PeakForce imaging during electrochemical reactions for topography and mechanics.

A PeakForce SECM:
A The probe isa nanoelectorde and part of the electrochemical system.
A Simultaneously capture multidimensional correlated information:

Topography , mechanics, conductivity, electrochemistry, etc

9/7/2016 Bruker Confidential



SECM Probe
BRUKER

A Probe
A Bruker batch manufactured
A Exposed tip height: ~200 nm il
A End tip diameter: ~ 50nm
A Exposed tip material: Platinum
A Passivation: silicon  dioxide
A Package s

A Fully isolated

A Encapsulated in two parts glass
A Easy to handle package

A Chemical resistant epoxy

A Current flow only  through the
tip apex - no leakage elsewhere
through tip or tip mount
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