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Differential Electrochemical Mass Spectrometry (DEMS)

Application Areas

Electrochemistry is the interaction between electrical energy and chemical change.
Electrochemical cells allow chemical reactions to be manipulated by changing the electrical
conditions.

Development of electrochemical cells is necessary to improve their performance. DEMS is a
technique that can be used for mechanistic insight into the chemical reactions that occur at the
electrodes.

Using DEMS, volatile chemical species generated at the electrodes can be detected with very little
time delay

Fuel Cells

Li Batteries

Electrochemical reduction of atmospheric carbon
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Introduction to DEMS

 Electricity is used to manipulate a Battery
chemical reaction within a cell p— ll““‘l =X
« Reaction products are extracted !
through a membrane. Species are Inert Electrode Inert Electrode
ionised and measured by Mass - cl : H -
Spectrometer. 2(9) : 2|
+ Changing the electrode materials, A s S
electrolytes and current, etc. and : 0 p AfQueous:Mall g
getting real time analysis allows the I & .;f*
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Introduction to DEMS

: . . . . L .
. z Forward Reaction
« Thisis a typical reaction |

of interest. There is an CHy + 20, — CO; + 2H;0

equilibrium between
‘+ & . 6 i '

the forward and reverse
CO2 + 2H,0 — CHs + 20,

reactions, which can be
influenced by applying
electrical potential.

Reverse Reaction
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Examples of Electrochemical Reduction Products from CO,

To produce useful products from the reduction of CO, an electrochemical
reaction can be utilised.

CO,+ 2 H*+2 e~ — HCO,H E0=-061V
CO,+4H*+4e” — HCHO +H,0 E%=-048V
CO,+ 6 H*+6 e~ — CH3OH + H,0 E®=-0.38V
CO,+8H*+8e” — CH#+2H,0 E®=-024V

CO,+ e~ — CO, E0=-1.90V

Product distribution depends on supplied voltage
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DEMS -
Differential Electrochemical Mass Spectrometry:

Scan the (electrochemical) potential and apply Mass Spectrometry
to analyse the products

- typical scanning speeds are around 1 mV/s

- typical scanning range of 0 to -1.5 V for CO, Reduction

Hiden DEMS cell types

A. Single thin layer flow cell
B. Dual thin layer flow cell
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Product Distribution vs Scanned Potential in CO, Reduction
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DEMS results obtained for CO,-sparged 0.05 M K,CO, electrolyte (pH = 6.8) with an electrolyte flow rate of 1 mL/min and a scan rate of 0.2 mV/s.
Further details are included in the ACS publication. E. L. Clark, M. R. Singh, Y. Kwon, and A. T. Bell (2015) ‘Differential Electrochemical Mass Spectrometer
Cell Design for Online Quantification of Products Produced during Electrochemical Reduction of CO," Anal. Chem., 87 (15), 8013-8020.
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Hiden HPR-40 DEMS system

« Complete System including Mass spectrometer and electrochemical half cell
« Brings the speed and response of Mass Spectrometry to electrochemical research
« Standard KF fittings allows User designed cells to be connected
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The Hiden DEMS System - Schematic

DEMS cell
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The Hiden DEMS System - Drawing
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DEMS Cell Options

1. Type A - Single thin layer DEMS cell

2. Type B - Dual thin layer DEMS cell

3. DEMS probe for remote analysis
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Type A. Single thin layer flow DEMS cell by Hiden

Type A DEMS cell for
materials/catalysis studies

Electrolyte Electrolyte
inlet outlet
Working
Electrode

Port 1o0f4 Electrolyte Port 20f4

Nanoporous
Membrane Inlet

« Simple design
« Large surface area electrodes

The thin-layer cell is an ideal approach to the study of a variety of working electrodes under
static electrolyte conditions such as stripping or desorption measurements.
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Type B: Dual layer flow DEMS cell - Schematic
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Type B: Schematic dual layer flow DEMS cell
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Type B. Dual thin layer flow cell

Working Electrode
Electrolyte Flow

Type B DEMS cell for
electrochemical reaction studies

Counter Electrode
Compartment

Counter
Electrode

lon-Conducting

lon Conducting Membrane
Membrane

Mounting Screw

Washer Working
Electrode
Electrolyte
inlety , cax\\O““:'
Electrolyte Referance oute
outlet

Electrode

Transfer
Capillary
Nanoporous (10f4)

Membrane Inlet

Stainless
Steel Frit

Pervaporation
Membrane

Designed by Bell et al.

Advantages of dual thin layer flow cell: Univ California Berkeley

« good collection efficiency
« favourable electrode configuration

The dual-thin layer cell design is better suited to the monitoring of continuous faradic reactions, with controlled
hydrodynamics in the determination of reaction product formation rates and turn over frequencies.
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Type B. Dual thin layer flow cell - design features

Working Electrode

Electrolyte Flow
Catholyte Flow
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« Continuous removal of reactant products from the working electrode
« Minimises depletion of reactants at working electrode
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Summary - Design

Type A. Thin layer flow cell:

+ good collection efficiency - reactant depletion

The thin-layer cell is an ideal approach to the study of a variety of technical working electrodes under static
electrolyte conditions such as stripping or desorption measurements.

Type B. Dual thin layer flow cell:

+ good collection efficiency
+ favourable electrode configuration

The dual-thin layer cell design is better suited to the monitoring of continuous faradic reactions, with

controlled hydrodynamics in the determination of reaction product formation rates and turn over
frequencies.

DEMS provides a powerful tool for online analysis of reactants from electrochemical reactions
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Additional Evolved Gas Sampling Options

* QICInlet - heated capillary inlet for sampling gas at 100 mbar to 2 bar
pressure

» High/low pressure options available
« High temperature inlets available

« Microflow inlet - for gas analysis of limited flow

« Dissolved species probes
* Flow through type
* Probe type

e Cuvette cell

« Enzyme kinetics probe

(W) www.HidenAnalytical.com (k] info@hiden.co.uk



I I ANALYTICAL

Application Data

- UC Berkeley publication
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Fig. 6. (a) Comparison of the charge GITT voltage profiles with and without a catalyst obtained from Li-O, cells. (b) FT-IR measurement of electrolytes collected at the end
of one cycle. Gas evolution results of Li-O; cells (c) without a catalyst and (d) with a catalyst while charging as measured by DEMS.

K. Kang et al., Mechanism of Co;0 /graphene catalytic activity in Li-O, batteries
using carbonate based electrolytes, Electrochimica Acta 2013, 63-70.
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- www.HidenAnalytical.com

- The Hiden website is an excellent resource
with product pages, brochures, catalogues,
product pages with some application notes,
presentation and other information.

i « Contact +44 1925 445225 for direct support. 4 “ In!'mm“““‘lm
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