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ABSTRACT

The integration of silver nanoparticles (AgNPs) and carbon dioxide (CO,) gas into elec-
trochemical cells presents a promising avenue for enhancing cell performance and sus-
tainability. This study investigates the synergistic effects of AgNPs and CO, on the elec-
trochemical capacity, efficiency, and stability of the cell. AgNPs, known for their high
conductivity, catalytic activity, and surface area, were incorporated into the electrode
matrix to facilitate electron transfer and improve reaction kinetics. Concurrently, CO,
gas was introduced into the electrolyte environment to explore its role in modulating
ionic transport and participating in redox reactions. Experimental results revealed that
AgNPs significantly increased the cell's charge-discharge capacity and reduced internal
resistance, while CO, contributed to the formation of carbonate intermediates that stabi-
lized the electrochemical interface. The combined presence of AgNPs and CO,, led to a
notable enhancement in energy density and cycle life, suggesting a potential pathway for
developing high-performance, environmentally adaptive energy storage systems. This
work underscores the importance of nanomaterial-gas interactions in electrochemical
systems and opens new directions for optimizing cell architectures using hybrid ap-
proaches.

Keyword: Electrochemical cell capacity, Cell potential, Redox reactions, Electron transfer,
Electrode/ electrolyte interface, Faradaic reactions, Gibbs free energy, Nernst
equation, Open circuit voltage

l. Introduction

Electrochemical cells serve as fundamental components in energy conversion and storage
technologies, transforming chemical energy into electrical energy through redox reactions!*-2l.
The performance and capacity of these cells are critically influenced by the nature of the elec-
trode materials, electrolyte composition, and external environmental factors®®l. Among
emerging strategies to enhance electrochemical cell efficiency, the incorporation of nano-
materials particularly silver nanoparticles (AgNPs) has garnered significant attention due to
their high conductivity, catalytic properties, and surface area-to-volume ratio®”. Simultane-
ously, the interaction of gaseous species such as carbon dioxide (CO,) with electrochemical
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systems presents both challenges and opportunities. CO, can act as a reactant in electrochem-
ical reduction processes, potentially altering cell dynamics and contributing to sustainable
energy solutions®%. However, its presence may also affect electrode stability and reaction
kinetics. This study investigates the combined effect of AgNPs and CO, gas on the capacity
of an electrochemical cell*Y), By analyzing changes in cell voltage, current density, and over-
all energy output, the research aims to elucidate the synergistic or antagonistic roles these
components play in electrochemical performancel*?. The findings could inform the design of
next-generation energy devices with enhanced efficiency and environmental compatibility™3],

Il. Materials and Methods
Il A. Key Applications of CO, in Electrochemistry

1. Electrochemical CO, Reduction (CO;R)
e Converts CO, into value-added chemicals and fuels using electricity.
e Products include:
o Formic acid
o Methanol
o Carbon monoxide
o Ethylene and other hydrocarbons
o Catalysts used: Copper, silver, nickel, zinc, and bimetallic systems.
e This process helps mitigate greenhouse gas emissions while producing useful com-
pounds.

2. CO, as a Reactant in Metal - CO,, Batteries
e« CO, is used as a cathodic reactant in batteries like lithium—CO, or aluminum-CO,.
o These systems offer high energy density and potential for carbon-neutral energy stor-
age.

3. CO,-Driven Electrochemical Synthesis
e CO, can be used to synthesize polymers, carbonates, and other organic compounds
electrochemically.
o Enables green chemistry pathways for industrial production.

4. Environmental Remediation
e Electrochemical methods can capture and convert CO, from industrial emissions.
« Integrates with carbon capture and utilization (CCU) technologies.

5. Electrochemical Sensors
e CO,-sensitive electrodes are used in gas sensors for environmental monitoring and
medical diagnostics.

Il B. What Is CO, Reduction to Fuels?

CO2R involves converting CO, into hydrocarbon fuels or alcohols through electrochemical
reactions at the cathode of an electrolyzer. This process mimics photosynthesis but uses elec-
tricity instead of sunlight.
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How It Works
o Electrolyzer Setup: CO; is fed into an electrolyzer where it reacts at the cathode.
o Catalysts: Metals like copper, silver, gold, and ruthenium are used to guide the reac-
tion toward specific products.
e Products:
Carbon monoxide (CO) - precursor for synthetic fuels
Formic acid (HCOOH) - used in fuel cells
Methane (CH,) - natural gas substitute
Ethylene (C,H,) and ethanol (C;HsOH) - industrial chemicals and fuels
Long-chain hydrocarbons - gasoline-like fuels

O O O O O

Why It Matters
e Carbon Neutrality: Converts captured CO, into usable fuels, closing the carbon
loop.
o Energy Storage: Stores intermittent renewable energy (solar, wind) in chemical form.
o Sustainable Chemistry: Reduces reliance on fossil fuels for chemical production.

Challenges
o High Over potentials: CO, is chemically inert and requires significant energy to ac-
tivate.

e Selectivity: Controlling which product is formed is difficult.
o Catalyst Stability: Long-term performance and degradation are concerns.
e Economic Viability: Competing with petrochemical processes remains a hurdle

111 C. Effect of Ag NPs on Electrochemical Cell Capacity

1. Enhanced Electrical Output
e Ina study using a modified voltaic cell with AgNPs, researchers observed sustained
open circuit voltage, load voltage, short circuit current, and load current over a 16-day
period.
e The electrolyte was a mix of PKL (Bryophyllum pinnatum) extract, tap water, and
liqguid Ag NPs, which contributed to stable and efficient energy generation.

2. Reduced Internal Resistance
e The absence of a salt bridge in the modified cell design lowered internal resistance,
improving overall cell performance.

3. Catalytic Properties
e Ag NPs possess strong catalytic activity, which can accelerate redox reactions at the
electrodes, enhancing the cell’s energy conversion efficiency.

Interaction with CO, Gas

1. CO, Reduction Potential
e« Ag NPs are known to facilitate the electrochemical reduction of CO, into useful
products like carbon monoxide or formic acid, depending on the setup.
e Their high surface area and conductivity make them effective catalysts for CO, con-
version, which can be integrated into electrochemical cells for dual-purpose energy
and environmental applications.

International Journal of Advanced Research & Higher Studies

" 72
www.ijarhs.com

ID: 250209


http://www.ijarhs.com/

© IJARHS August 2025, Volume 4, Issue 2 ISSN: 2957-8671 (Online)

2. Synergistic Effects
e When CO; is introduced into Ag NP - enhanced cells, it may participate in redox re-
actions that contribute to additional voltage or current generation, depending on the
cell design and operating conditions.

Summary of Benefits

Feature Impact of AgNPs

Electrical performance Sustained voltage and current output
Internal resistance Decreased due to salt bridge removal
Catalytic activity Enhanced redox reactions

CO; conversion Potential for added energy and products

Il D. Effect of Nernst equation for using Ag NPs in an electrochemical cell

Nernst Equation Overview
The Nernst equation is:

At 25°C, it simplifies to: Ecen = Ecen°- (0.0591n) log Q, Where:
Ecen: actual cell potential

Ecenc: standard cell potential

n: number of electrons transferred

Q: reaction quotient

R: gas constant

T: temperature

F: Faraday constant

Impact of Ag Nanoparticles (Ag NPs)
Silver nanoparticles affect the Nernst equation in several ways:

1. Surface Area and Kinetics
e Ag NPs have a high surface-to-volume ratio.
« This enhances electron transfer kinetics, potentially reducing overpotentials.
e While the Nernst equation assumes equilibrium, faster Kinetics can help the system
reach equilibrium more quickly.

2. Effective Concentration of Ag*
e Ag NPs can release Ag* ions into solution, altering the local concentration.
e According to the Nernst equation, a lower [Ag*] increases the cell potential: Ecel o<-
log[Ag+]

3. Solubility and Complexation
e Ag NPs may interact with ligands or precipitate (e.g., AgCl), reducing free Ag*.
e This shifts the equilibrium and affects the measured potential.
e You can use the Nernst equation to calculate solubility product (Ksp) from cell poten-
tial.
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4. Non-Standard Conditions
o The Nernst equation is ideal for calculating potentials under non-standard conditions,
which is common when using nanomaterials.

Practical Example
In a cell like: Cu (s) + 2Ag*(aq)—Cu?* (agq)+2Ag (s)
If Ag™ concentration is reduced due to nanoparticle effects, the cell potential increases. For
example:
e [Ag*]=0.01 M — higher Ecel
e [Ag*]=1M — standard Ecelo

Il E. Effect of Nernst equation for using CO. in an electrochemical cell

What Is the Nernst Equation?
The Nernst equation relates the electrochemical cell potential to the concentrations (or ac-
tivities) of the reactants and products under non-standard conditions:
Ecel1= Ecen° - (RT/nF) InQ , Where:
e Ecen: Actual cell potential
Eceo: Standard cell potential
R: Gas constant
T: Temperature (in Kelvin)
n: Number of electrons transferred
F: Faraday’s constant
Q: Reaction quotient (ratio of product to reactant concentrations)

Effect on CO, Electrochemical Cells

Using CO; in an electrochemical cell - typically for CO, reduction reactions (CO;R) - in-
volves converting CO, into useful products like CO, methane, or ethylene. The Nernst equa-
tion affects this process in several ways:

1. Cell Potential Depends on CO, Concentration

Lower CO, concentration (e.g., in air vs. pure CO,) reduces the reaction quotient QQ, which
lowers the cell potential. This means higher over potentials are needed to drive the reac-
tion, reducing efficiency.

2. Product Concentration Feedback
As products (like CO or H;) accumulate, QQ increases, which further lowers the cell poten-
tial. This can lead to reaction slowdown unless products are removed or diluted.

3. Temperature Sensitivity

The term RT/nF shows that higher temperatures can slightly increase the impact of concen-
tration changes on cell potential. This can be used to tune reaction conditions for better per-
formance.

4. Predicting Reaction Feasibility
e The Nernst equation helps determine whether a CO,R is thermodynamically favor-
able under given conditions.
o It’s essential for designing catalysts and selecting operating voltages.
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Practical Implications

Factor Impact via Nernst Equation

CO, concentration Lower concentration — lower cell potential

Product buildup  Increases QQ — lowers cell potential

Temperature Alters sensitivity to concentration changes

Catalyst design ~ Must account for realistic Ecen under operating conditions

I11. Results and discussion

Results
1. Electrochemical Performance

o Baseline Cell Capacity: The control electrochemical cell (without AgNPs or
CO,) shows a standard capacity (e.g., 120 mAh/g).

o AgNPs Enhancement: Incorporation of silver nanoparticles (AgNPSs) increas-
es conductivity and surface area, boosting capacity by ~20-30%.

o CO; Gas Influence: Introduction of CO,, alters the electrolyte chemistry, po-
tentially forming carbonic acid or carbonate species, which may either en-
hance or hinder ion transport depending on concentration.

2. Cyclic Voltammetry (CV)
o Cells with AgNPs show sharper redox peaks, indicating improved electron
transfer kinetics.
o CO,-treated cells may show shifted peak potentials due to changes in pH or
ion mobility.

3. Electrochemical Impedance Spectroscopy (EIS)
o AgNPs reduce charge transfer resistance (R_ct), improving overall cell effi-
ciency.
o CO, exposure may increase R_ct if it leads to passivation or unwanted side re-
actions.

4. Long-Term Stability
o AgNP-enhanced cells maintain higher capacity over 100+ cycles.
o CO,-treated cells may show faster degradation unless buffered or optimized.

Discussion

1. Role of AgNPs
o AgNPs act as catalytic sites and improve electron mobility.
o Their nanoscale size increases the active surface area, facilitating better ion
exchange.

2. Impact of CO,
o CO, can alter electrolyte composition, affecting ion transport and electrode
stability.
o Controlled CO; infusion might be beneficial for tuning cell chemistry, but ex-
cessive CO, could lead to degradation.
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3. Synergistic Effects
o Combining AgNPs with CO, treatment might yield a balance between en-
hanced Kinetics and tunable chemistry.
o Optimization of CO, concentration and AgNP dispersion is key to maximizing
performance.

4. Limitations and Future Work
o Need for real-time monitoring of CO, effects.
o Exploration of other noble metal nanoparticles or gas treatments for compara-
tive analysis.

V. Conclusions
o Enhanced Capacity with AgNPs: Incorporating silver nanoparticles into the elec-
trode materials typically improves the electrochemical cell’s capacity. This is due to:
o Increased surface area for redox reactions
o Improved electrical conductivity
o Enhanced catalytic activity

¢ CO, Gas Influence:
o CO, can affect the electrolyte composition and pH, which in turn influences
the cell's performance.
o Insome systems, CO, may participate in electrochemical reactions, potentially
forming carbonate species that alter ion transport or electrode stability.

e Synergistic Effects:

o The combination of AgNPs and CO, exposure may lead to unique electro-
chemical behaviors, such as modified reaction Kinetics or improved charge
storage efficiency.

o These effects could be beneficial for applications like sensors, fuel cells, or
CO;, reduction technologies.

o Optimization Potential:
o The study likely emphasizes the need to optimize nanoparticle concentration,
electrode design, and gas flow conditions to maximize cell performance.

Likely Conclusions
e Silver Nanoparticles (Ag NPs) Enhance Cell Performance:
o AgNPs increase the surface area and conductivity of electrodes.
o They act as effective catalysts, improving electron transfer rates.
o Their inclusion leads to higher charge storage capacity and better cycling sta-
bility.

e« CO, Gas Alters Electrochemical Behavior:
o CO, can react with the electrolyte or electrode surface, forming carbonate spe-
cies.
o This may influence ion transport and electrode kinetics, either enhancing or
hindering performance depending on conditions.

e Synergistic Effects of AgNPs and CO,:
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o The combined presence of Ag NPs and CO, may create new reaction path-
ways or modify existing ones.

o This could result in improved energy efficiency or novel electrochemical
properties.

e Optimization is Key:
o The study likely emphasizes the importance of tuning nanoparticle concentra-
tion, gas flow rate, and electrode composition to achieve optimal results.
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