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ABSTRACT: Electrochemistry represents a powerful sustainable
method for chemical synthesis; however, its widespread application is
limited due to the lack of exposure and appropriate basic training of
synthetic chemists and engineers in electrochemistry and electro-
chemical engineering. The introduction of diverse laboratory
practices to the current curricula will improve the understanding of
electrochemistry and the theory behind its various applications. Here,
we suggest an efficient laboratory experiment on the electrochemical
reduction of CO2 to CO using inexpensive and readily available
materials, such as metal wires, plastic vessels, batteries, and a hand-
held CO detector. Students learn to assemble a divided electro-
chemical cell and perform important electrochemical reactions, such
as electrochemical CO2 reduction and hydrogen evolution reaction.
In this experiment, students analyze the rates of CO production under different electrolysis conditions and learn to understand the
effects of operating parameters (applied potential, electrolyte concentration, and nature of the electrode) on the outcome of the
reaction. This new comprehensive laboratory experiment is designed for students to better understand basic principles of
electrochemistry and is suitable for undergraduate students.

KEYWORDS: First-Year Undergraduate/General, Second-Year Undergraduate, Laboratory Instruction, Green Chemistry,
Electrochemistry, Catalysis

■ INTRODUCTION

Electrochemistry as a powerful tool for chemical synthesis has
attracted a lot of attention in the past decades.1,2 Electro-
chemical methods offer multiple advantages over traditional
approaches, including mild reaction conditions, high atom
economy, unique product selectivity, and the use of “clean”
electrons instead of toxic reducing or oxidizing agents.1

Current industrial applications of electrochemistry include
both large chemical processes, such as the chlor-alkali process
and Hall−Heŕoult aluminum production, and smaller scale
processes, such as production of adiponitrile, acetoin, and
other organic compounds.3,4 However, from over 100,000
chemicals available on the market only a small portion is
produced electrochemically.5,6 The slow implementation of
electrochemical routes in chemical manufacturing is associated
with many factors, including the lack of appropriate founda-
tional training of synthetic chemists and engineers in
electrochemistry and electrochemical engineering.4,7,8

The goal to decouple industrial processes from the fossil
fuel-derived energy targeting net-zero CO2 emissions is
currently driving the development of electrochemical ap-
proaches to the synthesis of renewable fuels, including
hydrogen and CO2-derived hydrocarbons and oxygenates.9

Consequently, the understanding of electrochemical processes
and the theory behind them is becoming essential when
entering the technology job market. At the same time, students
at the undergraduate level are only exposed to limited basic
concepts of electrochemistry in their general chemistry
courses.10 More in-depth understanding of electrochemistry
is usually introduced only at the graduate level.11 Moreover,
previous studies identified electrochemistry as a difficult topic
to learn for students and showed that learning of the concepts
through textbooks and lectures often leads to students’
misconceptions.8,12 To improve the understanding of this
material and the scope of electrochemistry applications,
students should be exposed to a more diverse laboratory
practice, which is lacking in current curricula.12

Students today are more inclined to learn about methods
and concepts that are important for climate action and
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sustainable development. To this end, electrochemical water
splitting and carbon dioxide reduction (CO2R) are attractive
topics for incorporation into the chemistry laboratory
curriculum. Recent pedagogical literature suggests interesting
laboratory experiments on electrochemical water split-
ting,11,13−15 while the CO2R topic remains ignored. Since
the research field of CO2R to fuels and chemicals is currently
undergoing rapid development due to a pressing need to
circumvent climate change,16−18 students are more likely to
pay attention to this topic and be motivated to learn.
CO2R can yield various value-added products depending on

the number of electrons transferred in the course of
electrolysis, including carbon monoxide (CO), methane,
ethylene, ethanol, and a number of other single- and
multicarbon products (Figure 1A).19 A promising example of
CO2 utilization strategy is electrochemical reduction of CO2

captured from the atmosphere to produce synthesis gas
(syngas)a mixture of CO and hydrogen gas (H2). This
reactive mixture can subsequently serve as a raw material for
the Fischer−Tropsch process that converts it into clean liquid
hydrocarbons (e.g., kerosene and diesel). This approach
reduces the reliance on nonrenewable fossil fuels while tackling
the problem of global warming (Figure 1B,C). Considering a
high industrial potential of this and similar processes,
implementing electrochemical CO2R as a laboratory experi-
ment can be of a great interest for chemistry educators.
However, these CO2R experiments typically require the use of
expensive equipment, such as specific gas chromatography
systems equipped with a complex sequence of separation
columns, nuclear magnetic resonance spectrometers, potentio-
stats, and specialized electrochemical glassware, which is
prohibitive for many undergraduate laboratories.
This work presents a simple and affordable experimental

setup to demonstrate the basic principles of CO2 electrolysis to
CO using inexpensive and available materials, such as plastic
vessels, batteries, metal wires, and a hand-held CO detector.
The major aims of the experiment are introducing students to
the elements of electrochemistry and basic elements of
electrochemical cell design, as well as showing how the
operative parameters (electrocatalyst composition, applied
potential, electrolyte concentration) affect the rate of CO
production. The experiment is best suited for undergraduate
students as a part of general chemistry or electrochemistry
courses. In the test runs with students, most participants
successfully completed the experiment within 2−3 h.

■ GENERAL PRINCIPLES OF CO2R AT THE CATHODE
SURFACE

Typically, electrochemistry is discussed in the context of
electroplating, where sufficiently high voltages are applied to
overcome the redox potentials of the electrode materials
leading to the anode dissolution and redeposition of its
material on the cathode surface.20 In contrast, the molecular
electrochemistry is performed in the potential range where
both the anode and the cathode are chemically stable; i.e., their
materials do not oxidize or reduce, respectively. The following
discussion pertains to this potential range condition and
focuses on the redox reactions of molecular species present in
the electrolyte.
In aqueous electrolytes, in the absence of CO2 (or other

electroactive molecules, such as O2), the reduction of protons
to H2 (hydrogen evolution reaction, HER) is the only possible
cathodic process (Figure 2A). It starts with one-electron
reduction of protons from water with the formation of surface-
bound hydrogen atoms (Volumer reaction). Further formation
of H2 proceeds either via Tafel or Heyrovsky reactions: the
former involves a recombination of hydrogen atoms, while the
latter is a reaction of protons with surface-bound hydride.21

The whole electrochemical process can be expressed by the
following equations:

H e H (Volumer reaction)ads+ →+ −

H H H (Tafel reaction)ads ads 2+ →

H H e H (Heyrovsky reaction)ads 2+ + →+ −

When CO2 is present in the electrolyte, CO2R can be
observed in addition to HER (Figure 2B). The reaction starts
with the adsorption of CO2 molecule to the surface of a

Figure 1. (A) The scope of CO2R products and the number of
electrons required for their electrosynthesis from CO2 in aqueous
media. (B) A diagram of the CO2 pollution sources. (C) A diagram
illustrating the integration of CO2 capture and utilization technologies
into the manufacture of synthetic fuels.
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cathode. A subsequent reduction of CO2 proceeds through the
sequence of steps illustrated on Figure 2B. The overall process
can be described by the following equation:

CO 2H 2e H O CO2,ads 2+ + → ++ −

Since the redox potentials for CO2R are similar to that for
HER, these two processes usually compete with one another
(Figure 2C).22 Their relative contribution depends on many
factors, including the nature of the cathode material: HER is
dominant on Ni, Pt, Fe, Ti, while CO2R is dominant on many
other metals, such as Cu, Sn, Ag, Au.23−25 Importantly, the CO
molecule formed in a course of CO2R can either desorb from
the surface or undergo further hydrogenation or C−C coupling
via different reaction pathways involving both CO2H* and H*
intermediates bound to the electrode surface resulting in other
CO2R products, e.g., methane, ethylene, methanol, etc. (Figure

1a). These pathways can become dominant with a more
elaborate design of the cathode and electrolyte compositions,
which is beyond the scope of this work.26

Electrolysis is an intrinsically coupled reaction, which means
that the reduction process needs to be compensated by an
oxidation process at the counter electrode. For both CO2R and
HER taking place in the cathodic compartment of the cell,
water oxidation to oxygen (oxygen evolution, OER) is
happening in the anodic compartment at the anode surface
providing electrons for the reduction process at the cathode:

H O 2H 2e 1/2O2 2→ + ++ −

Besides these target reduction and oxidation processes,
oxygen produced at the anode can be easily reduced at the
cathode,27 while CO and hydrogen produced at the cathode
can be easily oxidized at the anode.28,29 These undesirable

Figure 2. A simplified diagram of the processes happening on the cathode surface in a course of hydrogen evolution reaction (A) and CO2
reduction to CO (B). (C) Illustration of competition between CO2R and HER in a course of CO2 electrolysis.

Figure 3. (A,B) Materials required for the construction of DIY divided electrochemical cell for CO2 electrolysis or water splitting: (A) hand-held
digital CO meter, 9 and 3 V batteries, square piece of anion exchange membrane, 5 mL pipet tip and 1/8” OD plastic tubing. (B) 0.3 L plastic
bottles with precut square openings for the membrane, copper and nickel wires. (C) An assembled electrochemical cell connected to a CO meter
used in this work; Teflon tape was used to insulate the exposed parts of the wires. (D,E) The formation of CO2 and H2 bubbles at the Cu cathode
(D) and O2 bubbles at the Ni anode (E) in a course of electrolysis.
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chemical reactions proceed more readily than the target
cathodic and anodic reactions. To minimize this crossover of
species and wasted electrons (i.e., energy) associated with
these reversed reactions, a salt bridge or an ion-exchange
membrane separator is typically introduced between the
cathodic and anodic compartments in electrolyzers, which
still enables the ionic conductivity essential for the cell
operation. A salt bridge is tedious and time-consuming to make
and maintain in an undergraduate laboratory, and it is also
difficult to seal the assembled cell if gas analysis is of interest.30

In contrast, ion-exchange membranes are fast and easy to
integrate into a cell, as discussed below.

■ EXPERIMENTAL PROCEDURE

Experiment Overview

This experiment is best performed when students work alone
or in groups of two. The total number of students depends on
the laboratory capacity: the experiments can be performed on a
standard laboratory bench and in principle do not require fume
hoods (although they can be used if available). Before the
beginning of the experiment, the students should get familiar
with safety procedures, equipment, and materials they will be
using. The students should also complete a written prelab
assignment that consists of questions related to the basics of
electrochemical cell design and CO2R. The experiment
consists of two parts: electrochemical cell assembly (∼10−15
min) and carrying out a series of electrolyses (total of 10
reactions with ∼11−15 min required for each electrolysis).
The total number of electrolyses can be adjusted by the lab
instructor. All results presented in this manuscript were
obtained by undergraduate students. After the completion of
the experiment students should complete a postlab assignment.

Reagents and Instrumentation

All electrolyses in this work were performed in a DIY divided
electrochemical cell using a bicarbonate solution as an
electrolyte. The students can work in pairs, where one student
is responsible for the cell assembly while the other student
works on the preparation of the electrolyte solutions that will
be used in CO2R experiments. The detailed step-by-step
instruction for making a cell is presented in the Student
Handout.
A 5 M stock solution of KHCO3 is used to prepare 0.25, 0.5,

and 1 M KHCO3 electrolytes for CO2R experiments
(NaHCO3 can be used instead). The stock solution can be
prepared by a lab instructor prior to the experiment by
dissolving KHCO3 powder (99.7%, Sigma-Aldrich) in
deionized water (distilled water can be used instead). To
prepare CO2-saturated electrolyte, a standard laboratory CO2
gas tank equipped with an appropriate tubing, a carbonator, or
a soda machine can be used. Alternatively, a carbonated
mineral water with high bicarbonate content (e.g., Perrier) can
be used for electrolysis tests (note that if chlorides are present
in the mineral water, chlorine formation can happen at the
anode, which would be evident from the solution color in the
anodic compartment changing to yellow).
Figure 3A−C shows photographs of the DIY cell and all the

components required for its construction (see Student
Handout, Materials section for additional details about the
materials used in this work):

• 2 × 0.3 L plastic vessels with plastic screw caps

• Ion-exchange membrane (e.g., Fumasep-FAB-PK-130
from FuelCellStore)

• Hand-held digital CO meter (alternatively, a CO
detector for qualitative analysis only)

• Batteries (e.g., 3 V, 6 V, 9 V; several batteries of the
same or different kinds)

• Plastic tubing
• Pipette tip (or a similar plastic item, e.g., a pen casing)
• Metal wires (Cu, Sn, Ni, e.g., from McMaster-Carr)
• Epoxy or super glue
• Masking, Scotch, or other sticky tape

All metal wires can be used as received without additional
cleaning procedures. In all experiments, Ni wire was used as an
anode, while Cu, Sn, or Ni wires were used as a cathode. As the
electrochemical reaction takes place only at the electrode
surface, to increase the surface area of the electrodes, metal
wires can be twisted into a spiral. However, it is still important
to keep the surface area of all tested cathodes roughly equal,
which is crucial for the assessment of their relative electro-
catalytic activity. The exposed segments of the wires used to
connect them to the battery have to be insulated, e.g., by
wrapping them with an insulating tape (e.g., electrical tape or
Teflon tape) to avoid the possibility of a short circuit in the
event the two wires touch (see Figure 3c). To start the
electrochemical reaction, the cathode and the anode are
connected to the negative and positive ports of the battery,
respectively. Once the experiment is done (after 10 min), the
wires are disconnected from the battery. To change the
potential at which the electrolysis is performed in different
experiments, either batteries with different voltages can be
used, or multiple batteries can be assembled in a series of two
or three to double or triple the voltage, respectively (e.g., using
Scotch tape for the coin style 3 V battery, or wires and tape for
the AA battery, while connecting the positive port of the first
one to the negative port of the second one, and so on).

■ HAZARDS
KHCO3 (or NaHCO3) used in this study as an electrolyte may
cause eye and skin irritation. Thus, personal protective
equipment (safety gloves, goggles, and lab coats) should
always be worn while in the lab. During the electrolysis, a small
amount of CO is produced, which is known as neurotoxin.
However, the volume of CO formed during these experiments
is negligible and no risk of poisoning is present when the
following safety precautions are taken: CO2R should be
performed in a well-ventilated area (ideally, in a fume hood),
student must keep the electrochemical cell far from their
mouth and nose while disassembling it after the electrolysis
(care should be taken to avoid inhalation of the reaction
headspace). The Supplementary Video S1 shows the CO
meter readings inside and outside the assembled cell,
demonstrating that no CO is detected outside of the cell,
while a considerable amount of it is confined to a small
headspace volume inside the cathodic bottle. In addition to
CO, a small amount of H2 will be produced during the
electrolysis. Even though H2 is flammable, the amount of gas
produced is negligible and no risk of explosion is present.
When the wires are connected to the battery, as shown in
Figure 3c, it is important to ensure sufficient distance between
the wires and either to enclose them in insulating plastic hoses
or to wrap them with electrical or other insulating tape to
ensure the absence of contact between the two wires
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connected to the two battery ports; otherwise, a short circuit
may cause battery combustion.

■ RESULTS AND DISCUSSION
Before the beginning of the experiment, students assembled
the electrochemical cell and waited for the glue/epoxy to fully
dry, while preparing the electrolyte solutions required for the
electrolyses (see the instructions in the Student Handout). To
work safely and handle the waste, they discussed the safety
aspects of the chemicals employed as well as the compounds
produced in a course of the electrolysis prior to commencing
the experiments.
Electrochemical Cell Assembly

Figure 4A depicts the schematics of the cell made by the
students and the reactions taking place at the cathode, CO2R
and/or HER, and at the anode, OER. This cell is typically
referred to as an H-cell due to it physically resembling the
letter H. To avoid the oxidation/reduction of formed target
products (see the above section General Principles of CO2R at
the Cathode Surface), two compartments of the electro-
chemical cell were connected via an ion-exchange membrane
separator. In principle, even a traditional salt-bridge would
work for this purpose, though it is tedious to make and
assemble. Instead, here we propose a simpler and more
efficient configuration toward molecular separation based on
an ion exchange membrane that can be epoxied between the
two plastic bottles that serve as the cathodic and anodic
compartments. The plastic bottles can be cuboids or cylinders,
as long as the plastic is easy to cut with an X-Acto knife and
sufficiently flexible to ensure that the membrane and the holes

on the sides of the bottles fit tightly such that there is no
leakage when the parts are glued together using epoxy (e.g.,
Figure 3 depicts plastic juice bottles with a cylindrical shape;
see Part A: Making an H-cell in the Student Handout for more
details). In this work, an anion-exchange membrane (AEM)
was used due to it being more affordable; however, cation-
exchange membranes (e.g., Nafion) can be used instead.31

To obtain reproducible and accurate data, the concentration
of CO2 in bicarbonate solution should be sufficient and
consistent, thus, saturation of the electrolyte with CO2 was
performed before each experiment. Alternatively, a fresh CO2-
saturated solution kept in a tightly closed bottle can be used for
each experiment. It is recommended not to have CO2-
saturated solution exposed to air for a long time (more than 10
min), as it can lead to a significant drop in CO2 concentration,
which would compromise the experimental data. It is also
important to keep the volume of the electrolyte the same in
each experiment so that the headspace volume is constant,
enabling precise quantitative analysis.
To minimize the leakage of CO formed during electrolysis

from the system into the atmosphere, the cap of the cathodic
compartment was tightly closed (in contrast, the cap of the
anodic compartment was not sealed to allow O2 gas to escape).
The wires and tubing were fixed to the cap using epoxy or
super glue. As a result, all the gas formed at the cathode could
only escape through the tubing, which led to the CO meter.
The tubing was connected to CO detector via plastic pipet tip
(alternatively, an empty plastic pen casing can be used) using a
masking tape: note that the amount of gas produced in a

Figure 4. (A) A schematic of the divided electrochemical cell connected to a CO meter. (B) CO formation rate as a function of time determined
for the electrolysis of CO2- and Ar-saturated 0.5 M KHCO3 with 6 V battery used as a power source. (C) CO formation rate as a function of time
determined for the electrolysis of CO2-saturated 0.5 M KHCO3 with different batteries used as a power source. (D) CO formation rate as a
function of time determined for the electrolysis of CO2-saturated 0.5 M KHCO3 at different cathodes (Cu, Sn, and Ni) with 9 V battery used as a
power source. (E) CO formation rate as a function of time determined for the electrolysis of CO2-saturated 0.25−1 M KHCO3 with 9 V battery
used as a power source. The experiment in 1 M KHCO3 solution was stopped after 8 min, when CO concentration reached the limit of CO
detector. It should be noted that the units used for CO concentration could be also measured in ppm, depending on the CO meter type.
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typical experiment was not sufficient to over pressurize the
system.
To drive the electrolysis, the cathode and the anode were

connected to a battery (see the Supplementary Video S1).
After the beginning of the experiment, the students waited 1
min to let CO saturate the electrolyte and reach the sensor
through the headspace and tubing, after that the students
started to record the concentration readings from the meter.
After 10 min electrolysis the cathode and/or the anode were
disconnected from the battery to turn off the cell, then the
cathodic cap was opened in a well-ventilated area (ideally, in a
fume hood) so that all the formed CO was released. The next
experiment was started when CO meter shows “0” (zero) on
the screen.
The results received by the students from the electrolyses

performed under different conditions were presented in a form
of line graphs, showing the concentration of CO (normalized
by the approximated geometric surface area of an electrode) as
a function of time. To calculate the surface area of the
electrodes, the students measured their dimensions and use the
following simple equation for the surface area of a cylinder: SA
= 2πrh + 2πr2, where r is the radius of the electrode (metal
wire) and h is the length of the portion of the wire that was
immersed in the electrolyte. After performing the series of
experiments and processing the obtained data, all students
became more familiar with the basics of electrochemical cell
design and were able to communicate about the purpose of
each element of the cell and how the operating parameters
(potential, electrolyte concentration, nature of electrode)
affected CO2R.
Electrochemical Water Splitting

Since water splitting is a very promising process for renewable
energy-driven production of “clean” hydrogen,32 it was
beneficial for students to perform the electrolysis in the
absence of CO2 (it is recommended to perform this
experiment first). The rate of hydrogen production could be
also detected by a H2 meter, although it is much more
expensive than a CO meter.
Furthermore, this experiment is important for demonstrating

that CO2 gas dissolved in KHCO3 solution and not
bicarbonate present in the electrolyte is responsible for the
CO formation. The electrolysis performed with Cu cathode, Ni
anode, and 6 V battery in 0.5 M KHCO3 that was not saturated
with CO2 showed the presence of CO in the headspace only in
trace amounts within the 10 min experiment (Figure 4B). The
formation of CO in this experiment could be explained by the
dissolution of small amounts of CO2 present in the
atmosphere, or by the CO2−bicarbonate equilibrium:

H HCO H CO H O CO3 2 3 2 2+ ⇔ ⇔ ++ −

In either scenario, the concentration of CO2 in the solution
is very low, which leads to HER being a dominant process.
This experiment shows that a significant concentration of CO2
is required for the efficient CO2R.
Electrochemical Reduction of CO2

Next, students performed a series of CO2R under different
reaction conditions to show that the operating parameters
(applied potential, electrolyte concentration) along with the
nature of the electrode material may significantly affect the
outcome of the process.
First, a series of electrolyses was carried out for CO2-

saturated 0.5 M KHCO3 solution using different batteries (3, 6,

and 9 V) as a power source (Figure 4C). If an external voltage
is not applied (battery is not connected to the electrodes), the
reduction of CO2 and H2O at the cathode and the parallel
water oxidation at the anode cannot proceed as these reactions
are nonspontaneous (dG > 0). The higher the voltage of the
battery, the higher is the difference between the cathode and
the anode potentials (i.e., cell voltage) and, thus, the higher is
the rate of the overall process, which is directly proportional to
the cell voltage. When 3 V battery was used, no reaction was
observed. It was evident by the absence of bubbles on the
surface of both the anode and the cathode. When 6 V battery
was used, the formation of CO was detected. Interestingly, at
this voltage the CO formation rate in the case of CO2-
saturated bicarbonate was more than 20-times higher than that
for Ar-saturated solution, which clearly shows that the high
concentration of CO2 is essential for efficient CO2R (Figure
4B). The use of 9 V battery led to a further increase in CO
formation rate. In both cases a linear relationship between CO
concentration and time was observed. These experiments
showed that (1) battery voltage should be sufficient to drive an
electrochemical process, and (2) the rate of CO2R is
proportional to the voltage of a power source. Since the
highest CO formation rate was observed for 9 V battery, it was
used for further experiments.
Second, a series of electrolyses with different cathodes (Cu,

Sn, and Ni) was performed for CO2-saturated 0.5 M KHCO3
with 9 V battery as a power source. The results are summarized
in Figure 4D. Among all tested electrodes, Cu showed the
highest activity toward CO2R, while Sn and Ni showed
moderate and no CO2R activity, respectively. These experi-
ments showed that the nature of the electrode material is
crucial for CO2 electrolysis. Different activity of metals toward
CO2R can be explained by a different ability of metals to
stabilize CO2R and HER intermediates.33 For instance, Ni
surface stabilizes H* (surface-adsorbed H atoms) much better
that any of CO2R intermediates, which is why HER is a
dominant process on Ni.33 Both Sn and Cu stabilize CO2R
intermediates much better than H*, and a noticeable CO
formation rates were observed in both cases. Lower CO
formation rates in the case of Sn were due to the dominant
formation of another CO2R productformic acid,33 the
qualitative and/or qualitative analysis of which is beyond the
scope of this work.
Finally, a series of electrolyses was performed for CO2-

saturated solutions of bicarbonate of different concentrations
(ranging from 0.25 to 1 M; Figure 4E). For these experiments
Cu was used as a cathode, Ni was used as an anode, and 9 V
battery was used as a power source. It is well-known in the field
of CO2R that both the nature of the electrolyte and its
concentrations can significantly affect CO2R.

34 The results of
the experiments showed that the CO formation rate increased
with the increase of the electrolyte concentration. The
observed phenomenon is associated with the increased
conductivity of more concentrated solutions that allows more
current to flow between the cathode and the anode, leading to
higher CO production rates.

Student Assessment

This experiment was successfully performed by 60 under-
graduate students (second year, Bachelor of Science program
“Chemical Technology, Petroleum Chemistry and Biotechnol-
ogy for Energy and Resources Sustainability” at ITMO
University) who attended the lectures on the basic principles
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of electrochemistry as a part of the Physical Chemistry course.
The individual prelab assessment with average grade of 43%
showed that the majority of students still had poor under-
standing of basic electrochemistry after the lecture alone
(Figure 5). Nevertheless, the prelab discussion revealed that all

students understood the purpose, the procedure, and the safety
precautions of the experiment. The students’ performance was
assessed by their ability to complete the laboratory experiment
in time, the accuracy of their results, and the lab report.
All students successfully completed the experiment in the

allotted time (3 h) without any technical difficulties. Students
also prepared a comprehensive lab report that demonstrated
their ability to interpret their results and plot COppm(t) graphs
for different electrolysis conditions. The students later used
these graphs to discuss the observed trends and to predict
optimal conditions for high CO yield. This task was completed
successfully also due to the linear relationship between the CO
concentration and reaction time, so that the students could
visually assess the relative rates of CO production under
different reaction conditions based on the slopes of lines.
With regards to student comprehension, the results of the

prelab and postlab tests were analyzed to determine the
effectiveness of the exercise (Figure 5). The pass mark for both
assessments was set at 60%. 87% of students earned less than
18 marks out of possible 30 in the prelab test, with an average
grade of 43%. Prelab tests showed that students could not
correctly draw a diagram of a functional H-cell and could not
properly identify the electron flow direction. Prior to the
experiment, students had difficulties anticipating the effects
electrode length and/or shape, KHCO3 concentration, and
electrode material would have on CO yield and could not
predict the conditions necessary for high CO yield. Most
students were not able to identify the main competing process
in CO2 electrolysis and to write corresponding half reactions
correctly. The results of the post lab assessment reviled a
significant improvement in understanding of the electro-
chemistry principles by the students demonstrated by the
ability to answer the aforementioned questions and by the
increase in the average grade to 78% and 100% pass rate.
Analysis of the post lab tests showed that after constructing
their own H-cells and performing the electrolysis students did
not have difficulties in answering questions regarding the
effects of the electrolysis conditions on the reaction outcome
and the components of the electrochemical cell and their

purpose. The majority of the students received full marks for
these questions. This experiment enabled the students to
connect what they had observed and learned during the
experiment to the information previously discussed in the
lecture, thereby improving both understanding and retention
of the material by the means of active learning.

■ CONCLUSIONS
This paper describes a simple experiment that employs only
easily accessible and inexpensive objects to show the general
principles of CO2Rone of the most intriguing strategies for
CO2 utilization. This work introduces basic principles of the
electrochemical cell design and helps students understand how
the conditions of the electrolysis (e.g., the nature of the
electrode material, the electrolyte concentration, and the
voltage of the power source) affect the outcome of the
electrolysis on the example of CO2R to CO. We suggest an
efficient DIY divided electrochemical cell for the reduction of
CO2 to CO made of inexpensive and available materials, such
as metal wires, plastic vessels, batteries, and hand-held CO
detector. In this experiment, students apply a simple analytical
method (CO sensing) for the characterization of CO2R
efficiency and learn how to process and discuss the obtained
experimental data. A group of 60 undergraduate students
successfully completed and understood the experiment.
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STUDENT HANDOUT 
 

Safety Considerations 

 
1. Always wear a lab coat, safety gloves, and goggles while inside the 

lab. 

2. CO will be produced in this experiment and it is a neurotoxin. 

However, the amounts produced in this experiment are incredibly 

low, so no risk of poisoning is present. The work should be 

performed in a well-ventilated area (ideally, in a fume hood). To 

check CO levels in the atmosphere outside of the electrochemical 

cell, another CO detector can be used. 

3. H2 will be produced in this experiment. H2 is flammable, but the 

amount of gas produced is negligible, and no risk of explosion is 

present. 

 

Experimental Procedures 

 

As you go through this lab, make notes on the questions in bold for your 

assignment. 

 

Setting up H-cell for the experiment 

 

Materials:   

➢ 2 plastic bottles with screw caps (use any flexible plastic bottles with 

smooth walls, e.g., bottles from water, juice or pop, as long as they 

are well-rinsed; if bottles with cuboid shape are available, these 

would be ideal, however, cylindrical bottles that satisfy the above 

requirements work perfectly fine). For sealing of the cathodic 

compartment headspace, a rubber septum can be used instead of a 

screw cap. 
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➢ An ion-exchange membrane (e.g., Fumasep FAS-PET-75 from 

FuelCellStore.com). 

➢ A hand-held digital CO meter, e.g., ANPIGGY ST9700 or AS8700A 

available on Amazon.com (alternatively, a standard household CO 

detector for qualitative analysis only). 

➢ 3V, 6V, and 9V batteries (alternatively, multiple smaller voltage 

batteries can be assembled in a series of two or three to double or 

triple the voltage). 

➢ Sticky tape (e.g., masking tape or scotch tape), epoxy or super glue 

➢ X-acto knife or scissors. 

➢ Plastic tubing or straw. 

➢ Metal wires (copper, nickel, tin. Brass or bronze can be used instead 

of copper wire if available), these can be sourced from McMaster-

Carr or any hardware store, Mcmaster.com: Multipurpose 400 

Nickel Wire, Mirror-Like Multipurpose 110 Copper Wire; Tin-Coated 

Multipurpose 110 Copper Wire. 

➢ To saturate the electrolyte with CO2, a laboratory CO2 gas tank 

equipped with a regulator and a tubing, a carbonator, or a soda 

machine can be used. Alternatively, a carbonated mineral water with 

high bicarbonate content (e.g., Perrier) can be used for electrolysis 

tests (note that if chlorides are present in the mineral water, chlorine 

formation can happen at the anode, which would be evident from 

the anodic compartment solution color changing to yellow). 

 

Part A: Making an H-cell 
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1. Take two plastic bottles of the 

same size.  

 

 

2. Draw a 1.5 cm x 1.5 cm square 

trace for a hole on each bottle. 

 

 

3. Make holes with an x-acto knife 

or scissors. 

 

 

4. Cut a 2 cm x 2 cm (approximate 

size: it can be smaller or larger, 

depending on the bottle size; it 

has to be larger than the 

opening holes cut in the bottles) 

square piece of an ion exchange 

membrane. 
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5. Cover the edges of the square 

hole in a bottle with epoxy or 

super glue, place the ion 

exchange membrane to fully 

cover the hole, press its edges 

into the glue, and let it dry.  

6. Carefully attach the second 

bottle on the other side of the 

membrane by using the epoxy 

or super glue around the 

perimeter of the second hole. 

After the setup is dry, fill bottles 

with water to ensure that there 

is no leak at the junction. 

 

Part B: Making the electrodes and assembling the H-cell 

 

1. Roll the appropriate metal wire 

around a pencil to make a spring. 

Repeat the procedure for all 

cathodes (3 wires in total: Ni, Cu, 

and Sn) and anode (Ni wire). Aim 

to make the spirals with similar 

length and pitch. 
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2. Mark the cathode and the anode, 

feed a plastic tube through the 

cathode wire spiral for gas 

analysis (shown on the left). 

 

 

3. Make one hole in each cap from 

the bottles to secure the 

electrodes. 

 

 

4. Feed the electrodes and the 

outlet tubing (with the cathode) 

through the holes. 

 

 

5. Fix the wires to the lids with 

epoxy, super glue, plasticine or 

even a chewing gum to keep 

them in place. The cathode cap 

should ideally be sealed 

allowing the gas escape only 

through the tubing. The anode 
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cap should not be sealed 

allowing oxygen gas produced 

during electrolysis to escape. 

 

 

6. Screw the caps onto the bottles 

keeping the springs slightly 

above the bottom of the bottles. 

 

7. Wrap the exposed parts of the 

wires with insulating tape, such 

as Teflon tape or electrical tape, 

to avoid the wires touching and 

causing battery short circuit 

when the ends are connected to 

the battery (Part C). 

Alternatively, enclose these 

segments of the wires using 

insulating plastic hoses. 

 

 

 
 
Part C: Attaching the battery and assembling the detector 
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1. Use a tape to attach a 9V battery 

to the side of the H-cell near the 

caps with contacts facing up. 

 

 

2. Attach a plastic pipette tip or a 

tube to interface the detector 

with the outlet tubing of the H-

cell for higher accuracy (detector 

with no tubing can also be used). 

 

 

 

 

 

3. When ready to start the reaction 

(when the electrolytes are 

inside), connect the cathode to 

the negative port of the battery 

and the anode to the positive 

port, as shown in the figure. It is 

important to ensure that the two 

wires connected to the two 

battery ports never touch (avoid 

short circuit and battery 

explosion!). Ensure that there is 

a sufficient distance between the 

wires, or better use insulating 

tapes or hoses (see part B).  
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4. Attach the outlet from the 

cathode compartment to the 

detector (or place it as close to 

the hole in the cap as possible) 

 

 

Part D: Experimental setup  

 

Prepare a CO2-saturated 0.5M 

KHCO3 to use as the electrolyte: 

1. Make 0.5M KHCO3 solution 

2. Saturate it with CO2 using a 

CO2 carbonator or a soda 

machine. Bicarbonate 

solution can be saturated by 

bubbling CO2 from a lab CO2 

tank equipped with a gas 

regulator and a tubing for 15 

minutes prior use. 

 

 

 

 

3. Disconnect the battery from 

the cell. 

4. Pour the electrolyte in both 

part of the H-cell 
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5. Fix the lids and the battery 

6. Connect the electrodes 

7. Observe HER/CO2R 

 

 

Experiment 1. Electrolysis of Water 

 
This experiment will make use of an H-cell, a divided electrochemical 

cell shaped like the letter ‘H’. An H-cell uses an ion exchange membrane 

to enable ion transfer (i.e., ionic conductivity) between the two chambers. 

Either a cation exchange membrane (CEM) or an anion exchange 

membrane (AEM) can be used for these experiments. In the case of the 

AEM, the transfer of negatively charged ions (e.g., OH-, CO3
2-) from the 

cathodic compartment to anodic is happening. In the case of CEM, the 

transfer of positively charged ions (e.g., H+) from the anodic compartment 

to cathodic is happening. Electrochemical processes happening on the 

cathode and anode in a course of water electrolysis, as well as ion 

transport fort AEM- and CEM-based systems are shown on the Figure S1: 

 

 

Figure S1. Schematic illustration of the electrochemical processes on the 
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cathode and anode (hydrogen and oxygen evolution reactions, respectively) 

and ion transport for the electrochemical cells equipped with AEM (A) and 

CEM (B).  

This first experiment shows the principle behind electrochemistry. 

In the experiment 0.5 M KHCO3 solution is used as electrolyte, Cu wire is 

used as a cathode, Ni wire is used as an anode. 6 V battery is used as a 

power source. When the battery is connected, you should see bubbles at 

both electrodes indicating that a reaction is happening. 

To begin the reaction, connect the cathode to the negative port of the 

battery and the anode to the positive port of the battery.   

 

1. Measure the amount of CO in the outcoming gas formed in a 

course of 10-minute electrolysis (measurements should be 

done every minute). Write it down. Why do you think no or 

very little CO is being detected? What is being produced at 

the cathode instead? 

 

2. What do you observe at each electrode? What reactions do 

you hypothesize are happening? Write down the overall 

chemical reactions (sum of the reactions happening on the 

cathode and anode). 

Time [min] [CO]* Observations 

1   

2   

3   

4   

5   

6   
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7   

8   

9   

10   

*Concentration of CO is measured in ppm/umol mol-1 depending on the detector type. 

 
Experiment 2. CO2 Reduction – effect of the cell voltage 

To oxidize or reduce a chemical species other than water, it must be 

present in the electrolyte. In the case of CO2R, CO2 is present into the 

electrolyte solution. 

Similar to water electrolysis, either a cation exchange membrane 

(CEM) or an anion exchange membrane (AEM) can be used for these 

experiments. Electrochemical processes happening on the cathode and 

anode in a course of water electrolysis, as well as ion transport fort AEM- 

and CEM-based systems are shown on the Figure S2: 

 

Figure S2. Schematic illustration of the electrochemical processes on the 

cathode and anode (CO2 reduction and oxygen evolution reactions, 

respectively) and ion transport for the electrochemical cells equipped with 

AEM (A) and CEM (B). 

 

In this set of experiments, CO2-saturated 0.5 M KHCO3 solution is 

used as an electrolyte, Cu wire is used as a cathode, Ni wire is used as an 
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anode. 3 V, 6 V, and 9 V batteries are used as a power source. 

I. Remove cap from cathode. 

Saturate electrolyte at cathode 

with CO2 from a gas tank, a 

carbonator or a soda machine. 

Alternatively, exchange 

electrolyte for carbonated 

mineral water. 
 

II. Insert the electrodes and tighten 

the lids, making sure that as 

little CO2 escapes as possible 

during the process. To begin the 

reaction, connect the cathode to 

the negative port of the battery 

and the anode to the positive 

port of the battery. Begin a 

timer. 

III. Every minute record the 

concentration of CO in a table. 

Repeat the experiment for 3 V, 6 

V and 9 V batteries. 
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 [CO]*  

Time [min] 3V 6V 9V Observations 

1     

2     

3     

4     

5     

6     

7     

8     

9     

10     

*Concentration of CO is measured in ppm/umol mol-1 depending on the detector type. 

 

1. Using your data from this section, make a graph with the 

time on the x axis, and the concentration of CO on the y axis. 

What trend(s) do you notice?  

 

2. What would happen if you saturated both the anodic and 

cathodic bottles with CO2 instead of just the cathode? How 

would it change the observed reaction, if at all? 

 

3. What happens to the amount of CO detected as the reaction 

progresses?  

 
4. How does the battery voltage affect the amount of CO 

detected? 

 
5. What is the difference in the amount of CO detected for the 
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electrolysis of water with and without CO2?  

 

 

Experiment 3. CO2 Reduction – effect of the electrode material 

 
This set of experiments is designed to show how different metals catalyze 

CO2R. CO2-saturated 0.5 M KHCO3 solution is used as electrolyte, Cu, Sn, 

and Ni wires are used as a cathode, Ni wire is used as an anode. 9 V battery 

is used as a power source. 

 

Materials: Nickel, brass, and copper wires  

 

a. Prepare three electrodes of different materials following the 

procedure in “Setting up H-cell for use” 

b. Saturate catholyte with CO2. When you connect it to the battery, 

also start a timer. 

c. Take measurements of [CO] every minute for ten minutes. 

d. Perform steps b – c for each type of electrode.  

 

 

 [CO]*  

Time [min] Cu Sn Ni Observations 

1     

2     

3     

4     

5     

6     

7     

8     

9     

10     
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*Concentration of CO is measured in ppm/umol mol-1 depending on the detector type. 

  

1. Using your data from this section and section 2, make a 

graph with the time on the x axis, and the concentration of 

CO on the y axis. What trend(s) do you notice?  

 

2. Which metal is most efficient at reducing CO2 to CO? Does 

this align with your prediction from the prelab and the 

background information you read? 

 

 

 

 

Experiment 4. CO2 Reduction – effect of the electrolyte concentration 

 
The electrolyte concentration is another variable that can be 

changed. Start out by making two solutions of KHCO3, each with different 

concentrations (0.25M and 1M) – see table below. Solutions can be either 

prepared by dissolving of KHCO3 powder in water (see table below) or by 

the dilution of the 5M stock solution of KHCO3. 

 

 

 

 

[KHCO3] (M) Mass of powder (g) Volume of water (L) 

0.25 12.5 0.5 

1 50 0.5 

In this set of experiments CO2-saturated 0.25-1 M KHCO3 solutions 

are used as electrolyte, Cu wire is used as a cathode, Ni wire is used as an 

anode. 9 V battery is used as a power source. 

 

I. Refill the cell with the new 

electrolyte. 
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II. Saturate the cathodic chamber with 

CO2. 

  

 

 

 

III. Connect the electrodes to the 

battery and start a timer. Every 

minute record the concentration of 

CO in a table. Also record any 

observations you have. 

 

 

 

 [CO]*  

Time [min] 0.25M 

KHCO3 

0.5M 

KHCO3 

1 M 

KHCO3 

Observations 

1     

2     

3     

4     
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5     

6     

7     

8     

9     

10     

*Concentration of CO is measured in ppm/umol mol-1 depending on the detector type. 

 

1. Using your data from this section and section 2, make a 

graph with the time on the x axis, and the concentration of 

CO on the y axis. What trend(s) do you notice?   

2. Why do you think the concentration of electrolyte has a 

measurable effect on the amount of CO produced?  

INSTRUCTOR MATERIAL - EXPERIMENTAL 
 

Material Preparations list per experiment (per team of students) 

 One handheld CO meter (e.g., ST9700 or AS8700A carbon monoxide 

digital meter), three batteries of different voltages (e.g., 3V, 6V, and 9V; or 

3 x 3V flat batteries that can be assembled to double and triple voltage), 

two plastic bottles with screw caps (0.25-0.5L, larger bottles are not 

recommended), metal wires of at least three kinds (e.g., Cu, Ni, Sn), a 

plastic tubing, one 5ml pipette tip, ion exchange membrane (e.g. Fumasep 

FAB-PK-130). The width of the wires is ~ 1 mm, the length of wires should 

be ~ 30 cm and ~ 20 cm of a wire should be immersed into the electrolyte 

solution. Alternatively, a roll of metal wire can be purchased. Items like 

parafilm tape, glue pate, plasticine, epoxy or super glue, x-acto knife or 

scissors, as well as KHCO3 powder, and Milli-Q or DI water can be provided 

for the whole group. For saturation of solutions with carbon dioxide, 

laboratory CO2 tank, a carbonator, or a soda machine can be used. 
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INSTRUCTOR MATERIAL - PRE/POST LAB QUESTIONS 
1. Describe the following components of an electrochemical cell: 

cathode, anode, electrolyte, ion exchange membrane.    [4 marks] 

2. Define the following terms in your own words: heterogeneous 

catalyst, selectivity, potential, electron flow direction, current 

efficiency.          [5 marks] 

3. Answer the following: 

a. Draw and label a schematic diagram depicting the electrolysis 

of water in an H-cell.       [3 marks]  

b. Beneath the diagram, give the half equations and the balanced 

equation for the reaction.      [2 marks]  

4. Why would one use spiral electrodes instead of straight electrodes?  

            [1 mark] 

5. What would happen if the length of the electrodes was decreased?  

            [1 mark] 

6. What would happen if the wires were connected to the battery ports 

but the cells (vials): 

i. Were empty (have no electrolyte)?      [1 mark] 

ii. Have only distilled water?       [1 mark] 

7. Write the half equations and the full equation for the electrolysis of 

KHCO3.           [2 marks] 

8. What effect do you expect KHCO3 concentration to have on CO yield?  

                 [1 mark] 

9. What conditions are necessary to ensure a high CO yield during the 

electrochemical reduction of CO2?         [2 marks] 

10. Why, even when initially producing CO, over time the production of 

CO decreases over time of electrolysis in these experiments? [1 mark] 

11. Given copper and nickel, which metal wire do you think is most ideal 

for reducing CO2 to CO? Explain your answer.                    [2 marks]  

12. Which of the tested materials was active towards CO2? Which one 

was only reducing water?          [2 marks] 

13. What is the main competing process in CO2 electrolysis and why? 

              [2 marks] 

[Total: 30 marks] 
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INSTRUCTOR MATERIAL - PRE/POST LAB MARK SCHEME 
1. Describe the following components of an electrochemical cell: 

electrode, cathode, anode, electrolyte, ion exchange membrane.  

[4 marks] 

Cathode  Any of the following is acceptable: 

i. The negatively charged electrode 

ii. The source of electrons/electron 

donor 

iii. Electrode where reduction 

occurs 

                                  [1 mark] 

Anode  Any of the following is acceptable: 

i. The positively charged electrode 

ii. Electrode where oxidation 

occurs 

                                  [1 mark] 

 

Electrolyte  A substance that produces an electrically 

conductive solution when dissolved in a 

polar solvent by separating into anions 

and cations which are uniformly 

dispersed throughout the solvent.                                                      

[1 mark] 

 

Ion exchange membrane  An electrically conductive semi-permeable 

membrane that is selectively permeable to 

some dissolved ions but impermeable to 

others and neutral molecules.                                    

[1 mark]  

 

2. Define the following terms in your own words: heterogeneous 

catalyst, selectivity, electrochemical potential of a cell, electron flow 

direction, current efficiency.      [5 marks] 

Heterogeneous 

catalyst  

 

A heterogeneous catalyst is a catalyst 

that exists in a phase different to that of 

the reactants or products.                                        

    [1 mark]  
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Selectivity  Selectivity is the tendency of an 

electrochemical reaction/process to 

follow one mechanistic pathway instead 

of another. The selectivity of a process 

can be expressed by the ratio of the 

desired product formed to the undesired 

product. [1 mark] 

  

Electrochemical 

potential  

The potential difference between two half 

cells that is determined by the ability of 

electrons to flow from one half cell to the 

other.                                     [1 mark] 

 

Electron flow direction  

 

Electrons flow from the negative 

terminal (the cathode) to the positive 

terminal (the anode).              [1 mark] 

 

Current efficiency  

 

The ratio of the actual amount of a 

product formed by an electrochemical 

process to the theoretical value 

calculated according to Faraday's law. In 

other words, it is the ratio of the charge 

went to form a product to the total 

charge passed.                       [1 mark] 

 

3. Draw and label a schematic diagram depicting the electrolysis of 

water in an H-cell.       [3 marks]     
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Make sure the following components are marked:  [3 marks] 

1. Flow of electrons through the battery, flow of ions through the 

membrane 

2. Cathode and anode 

3. Reactions on the surface of the electrodes  

 

Beneath the diagram, give the half equations and the balanced 

equation for the reaction.       [2 marks]  

Anode: 2𝐻2𝑂(𝑙) →  𝑂2(𝑔)
+ 4𝐻(𝑎𝑞)

+ + 4𝑒−    [0.5 marks] 

Cathode: 2𝐻2𝑂(𝑙) + 2𝑒− →  𝐻2(𝑔)
+ 2𝑂𝐻(𝑎𝑞)

−    [0.5 marks] 

Overall equation: 2𝐻2𝑂(𝑙) →  𝑂2(𝑔)
+  2𝐻2(𝑔)

   [1 mark] 

 

4. Why would one use spiral electrodes instead of straight electrodes? 

[1 mark] 

Spiral electrodes have a larger surface area, resulting in more 

efficient electrolysis, since there are more possible reaction sites for 

electrochemical process.      [1 mark] 

 

5. What would happen if the length of the electrodes was decreased? 

[1 mark] 
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If length is decreased, this implies there will be less surface area in 

the solution. Hence, there will be less reaction sites, and therefore a 

lower rate of an electrochemical process is expected.  [1 mark]  

 

6. What would happen if the wires were connected to the battery ports 

but the cells (vials): 

i. Were empty (have no electrolyte)?    [1 mark] 

Nothing would happen. Electrolyte enables current to travel 

between the electrodes. Without it, there would be an 

incomplete circuit and therefore no electron transfer would 

occur.    [1 mark] 

ii. Have only distilled water?     [1 mark] 

Nothing would happen. Free ions in solution are the charge 

carriers and they enable charge transfer in a course of 

electrolysis. Without the presence of ions in the solution, it is 

not possible to pass current between the electrodes, and 

therefore there is an incomplete circuit.    

 [1 mark] 

7. Write the half equations and the full equation for the electrolysis of 

CO2-saturated KHCO3.       [3 marks] 

Cathode: competing reduction reactions 

i. Hydrogen Evolution Reaction (HER): 

2𝐻(𝑎𝑞)
+ +  2𝑒− → 𝐻2(𝑔)

      [0.5 marks] 

ii. CO2 Reduction (CO2R): 

𝐶𝑂2(𝑎𝑞)
+ 2𝐻(𝑎𝑞)

+ + 2𝑒− → 𝐶𝑂(𝑔) + 𝐻2𝑂(𝑙)     [0.5 marks] 

 Anode: oxidation 

i. Oxygen Evolution Reaction (OER): 

    2𝐻2𝑂(𝑙)  →  𝑂2(𝑔)
+  4𝐻(𝑎𝑞)

+ + 4𝑒−     [1 mark] 

Overall equation: 

i. With HER/OER: 2𝐻2𝑂(𝑙)  →  𝑂2(𝑔)
+  2𝐻2(𝑔)   [0.5 marks] 

ii. With CO2R/OER: 2𝐶𝑂2(𝑎𝑞)
→ 2𝐶𝑂(𝑔) +  𝑂2(𝑔)

 [0.5 marks] 

8. What effect do you expect KHCO3 concentration to have on CO yield? 

[1 mark] 

 Higher KHCO3 concentration leads to greater CO yield, since more 

current is flowing between electrodes (which is proportional to 

conductivity of an electrolyte), resulting in a higher rate 

electrochemical process.   [1 mark] 
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9. What conditions are necessary to ensure a high CO yield during the 

electrochemical reduction of CO2?    [2 marks] 

To ensure a high CO yield during the electrolysis, high 

concentrations of KCHO3 and CO2 should be used, electrolysis 

should be also performed for a long period of time. [2 mark] 

 

10. Why, may the rate of CO production decrease over time of 

electrolysis?    [1 mark] 

CO production decreases over time because the amount of CO2 

decreases over time as it is reduced.    [1 mark] 

11. Given copper and nickel, which metal wire do you think is most ideal 

for reducing CO2 to CO? Explain your answer. [2 marks]  

Copper is most ideal for CO2 reduction to CO, while Ni does not 

reduce CO2 to CO at all. Due to its material properties, Ni is much 

more selective for water reduction to H2 (HER).   

 

12. Which of the tested materials was active towards CO2? Which one 

was only reducing water?      [2 marks] 

Copper and tin are active in reducing CO2 to CO.  [1 mark] 

Nickel electrodes reduce water.     [1 mark] 

    

13. What is the main competing process in CO2 electrolysis and why? 

          [2 marks] 

Hydrogen evolution reaction, i.e., water reduction, because water is 

present in excess compared to CO2, which has limited solubility in 

water.        [2 marks] 

[Total: 30 marks] 


