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Understanding the potential of a Standard Hydrogen Electrode (SHE) under various
conditions is fundamental to electrochemistry, as it serves as the universal reference point
against which all electrode potentials are measured. The SHE is defined as having a
potential of exactly 0.00 volts under standard conditions, but this potential can vary when
deviating from these conditions. In this article, we explore how different environmental
and experimental parameters influence the potential of the SHE, providing a
comprehensive analysis of how and why these variations occur.

Fundamentals of the Standard Hydrogen
Electrode

Definition and Standard Conditions

The Standard Hydrogen Electrode (SHE) is a hypothetical electrode that consists of a
platinum electrode immersed in a solution of 1 M H* ions, with hydrogen gas at a pressure
of 1 atm bubbling over the electrode at 25°C. Under these conditions, the electrode
potential is defined as zero volts. The standard conditions are:

e Temperature: 25°C (298 K)
e Pressure of H2 gas: 1 atm

e Concentration of H* ions: 1 M

Role as a Reference Electrode

The SHE provides a stable and reproducible reference point for measuring the potentials
of other electrodes, facilitating the construction of electrochemical series and
understanding redox behaviors.



Influence of Temperature on the Potential of SHE

Temperature and Electrode Potential

The potential of the SHE is temperature-dependent, primarily because the Nernst
equation incorporates temperature as a factor influencing the equilibrium potential. As
temperature increases or decreases from 25°C, the potential of the SHE can shift slightly.

Effects at Different Temperatures

e Below 25°C: The potential tends to become slightly more negative due to decreased
thermal energy, which affects the activity coefficients of ions and the equilibrium
constant.

e Above 25°C: The potential becomes slightly more positive as increased thermal
energy influences ion activities and the Nernst equation parameters.

Quantitative Impact

Using the Nernst equation:

\[

E =E"0-\frac{RT}{nF}\lna {H™~+}"2
\]

where:

-\( R\) is the gas constant,

-\( T\) is temperature in Kelvin,

-\(n\) is the number of electrons transferred (1 for hydrogen),
-\( F) is Faraday’s constant,

-\(a_ {H™+1}) is the activity of hydrogen ions.

Because the potential depends on \( \frac{RT}{nF} \), even small temperature deviations
can cause measurable shifts, typically on the order of a few millivolts per degree Celsius.

Impact of Hydrogen Gas Pressure on SHE
Potential

Pressure and the Nernst Equation

The pressure of hydrogen gas directly affects the potential of SHE because the Nernst
equation relates electrode potential to the partial pressure of gases involved in the redox
couple.



Variation with Hydrogen Pressure

If the pressure of Hz deviates from 1 atm, the potential shifts accordingly:
\[

E = E”0 - \frac{RT}{nF} \In \left( \frac{1}{p {H 2}} \right)

\]

e H> Pressure > 1 atm: The potential becomes more negative, indicating a greater
tendency for oxidation.

e H2> Pressure < 1 atm: The potential becomes more positive, indicating a reduced
tendency to oxidize hydrogen.

Quantitative Examples

- Doubling the pressure to 2 atm shifts the potential by approximately -17 mV.
- Reducing pressure to 0.5 atm shifts it by about +17 mV.

This sensitivity underscores the importance of maintaining precise gas pressures during
measurements.

Effect of Hydrogen Ion Concentration (pH) on
SHE Potential

Concentration and the Nernst Equation

The activity of H* ions in solution influences the potential directly, as described by the
Nernst equation. Variations in pH alter the H* concentration, shifting the electrode
potential.

Relationship Between pH and Potential

The modified Nernst equation:

\[

E =E”0-\frac{0.0591} {1} \times pH

\]

indicates that:

- Each unit increase in pH (more basic) raises the potential by 59.1 mV.

- Each unit decrease in pH (more acidic) lowers the potential by 59.1 mV.



Implications

- In a neutral solution (pH 7), the potential remains at zero.
- In acidic conditions (pH < 7), the potential becomes more negative.
- In basic conditions (pH > 7), the potential is more positive.

Influence of Ionic Strength and Activity
Coefficients

Ionic Strength and Activity

The potential of SHE is also affected by the ionic strength of the solution because it
influences activity rather than mere concentration.

Effects on Potential

- Increased ionic strength generally results in decreased activity coefficients, meaning the
effective concentration of H* ions differs from the measured concentration.

- These changes can cause small but significant shifts in measured potential, especially in
solutions with high ionic strength.

Mitigating Effects

- Using buffer solutions and maintaining consistent ionic strength helps in obtaining
reproducible potential measurements.
- Correcting for activity coefficients using advanced models improves accuracy.

Other Factors Affecting SHE Potential

Electrode Surface Conditions

- The purity and surface state of the platinum electrode influence its catalytic activity.
- Surface contamination or roughness can cause potential deviations.

Electrode Material and Surface Area

- Variations in electrode surface area affect the exchange current and potential stability.
- A clean, well-defined platinum surface ensures more accurate readings.



Presence of Impurities and Interfering Species

- Substances that adsorb onto the electrode surface can alter the electrochemical
response.
- Proper cleaning and control of solution composition are necessary to minimize errors.

Summary and Practical Implications

The potential of a Standard Hydrogen Electrode is inherently defined as zero volts under
standard conditions, but real-world deviations from these conditions influence its
potential. Changes in temperature, pressure, pH, ionic strength, and electrode surface
conditions all contribute to shifts in the measured potential. Recognizing and controlling
these variables is crucial for accurate electrochemical measurements and for applications
such as determining the potentials of other electrodes, evaluating redox reactions, and
designing electrochemical cells.

In practical laboratory settings, maintaining strict standard conditions—25°C, 1 atm
hydrogen pressure, 1 M H+ activity—is essential for the SHE to serve effectively as a
universal reference. When conditions deviate, corrections based on the Nernst equation
and related principles help predict the magnitude and direction of potential shifts,
ensuring that electrochemical data remain reliable and meaningful.

In conclusion, understanding the factors influencing the potential of the SHE under
various conditions allows chemists and engineers to interpret electrochemical data
accurately, design better experiments, and develop more efficient electrochemical
systems.

Frequently Asked Questions

What is the standard potential of a standard hydrogen
electrode (S.H.E.) under standard conditions?

The standard potential of a standard hydrogen electrode (S.H.E.) under standard
conditions is defined as 0.00 volts.

How does the potential of an S.H.E. change if the
temperature deviates from 25°C?

The potential of an S.H.E. can vary with temperature; generally, increasing temperature
can slightly alter its potential due to changes in reaction kinetics and thermodynamics, but
under standard conditions, it remains 0.00 volts at 25°C.

What impact does changing the pressure of hydrogen



gas have on the potential of an S.H.E.?

According to the Nernst equation, increasing the hydrogen gas pressure above 1 atm will
make the electrode potential slightly more positive, while decreasing pressure will make it
more negative.

How does pH affect the potential of an S.H.E. in a non-
standard environment?

The potential of an S.H.E. is directly related to hydrogen ion activity; in non-standard
conditions with varying pH, the potential shifts according to the Nernst equation,
becoming more positive in acidic solutions and more negative in basic solutions.

What is the potential of an S.H.E. when used as a
reference in a galvanic cell under non-standard ionic
concentrations?

Under non-standard ionic concentrations, the potential of the S.H.E. shifts from zero
according to the Nernst equation, reflecting the activity of hydrogen ions; it no longer
remains at 0.00 volts.

Can the potential of a standard hydrogen electrode be
affected by impurities or contaminants? If so, how?

Yes, impurities or contaminants can alter the electrode surface or interfere with the
hydrogen gas or ion activity, leading to deviations from the ideal 0.00 volts potential, thus
affecting its reliability as a reference electrode.

Additional Resources

Potential of a Standard Hydrogen Electrode (S.H.E.) Under Various Conditions: An In-
Depth Analysis

The Standard Hydrogen Electrode (S.H.E.) holds a pivotal role in electrochemistry as the
fundamental reference electrode against which all other electrode potentials are
measured. Its defining feature is its stable and well-defined potential of exactly 0.00 volts
under standard conditions, making it an essential benchmark for constructing
electrochemical series and understanding redox processes. However, the potential of a
S.H.E. is not an absolute, immutable value; it can be influenced by various environmental
and operational conditions. In this comprehensive review, we explore the potential of the
S.H.E. under different circumstances, examining how factors such as temperature,
pressure, electrolyte composition, and physical alterations impact its behavior.



Understanding the Standard Hydrogen Electrode
(S.H.E.)

Before delving into how conditions influence the S.H.E., it’s crucial to understand its
fundamental structure and operation.

Basic Composition and Principle

- Structure: The S.H.E. consists of a platinum electrode immersed in a solution of
hydrogen ions at unit activity (usually 1 M H* concentration), with hydrogen gas at 1 atm
pressure bubbling over it.

- Standard Conditions:

- Temperature: 25°C (298 K)

- Hydrogen gas pressure: 1 atm

- Hydrogen ion activity: 1 (corresponding to 1 M HCI or similar electrolyte)

- Potential: Defined as 0.00 V by convention for this reference electrode.

Role in Electrochemistry

- Used as a reference to measure electrode potentials of other half-cells.
- Serves as the basis for the electrochemical series.
- Provides a universal standard for comparing redox potentials.

Impact of Temperature on the S.H.E. Potential

Temperature is one of the most influential factors affecting electrochemical potentials.
Although the S.H.E. is defined at 25°C, its potential can vary with temperature changes.

Thermodynamic Foundations

- The Nernst equation describes how electrode potentials shift with temperature:

\[

E = E™\circ - \frac{RT}{nF} \In Q
\]

where:

- \(E™\circ)) is the standard electrode potential,
-\(R\) is the universal gas constant,

-\(T\) is temperature in Kelvin,

-\(n\) is number of electrons transferred,

-\(F\) is Faraday’s constant,



-\(Q\) is the reaction quotient.

- For the S.H.E., \(E™\circ)) is zero at 25°C, but as temperature deviates, potential shifts
occur due to changes in thermodynamic equilibrium.

Practical Effects of Temperature Variations

- Increase in Temperature:

- Slightly increases the kinetic energy of molecules.

- Alters the activity coefficient of hydrogen ions.

- Causes a minor deviation from zero potential; typically, the potential becomes slightly
positive or negative depending on the specific temperature change.

- Quantitative shift: The potential changes roughly by about 0.0001 to 0.001 V per °C
increase, depending on the system specifics.

- Decrease in Temperature:

- Potential shifts in the opposite direction.

- The reference potential remains close to zero, but small deviations can impact sensitive
measurements.

Implications for Electrochemical Measurements

- When using S.H.E. in experiments at temperatures different from 25°C, it is essential to
correct the potential readings.

- For high-precision work, temperature compensation coefficients should be applied to
ensure accurate potential determination.

Effect of Hydrogen Gas Pressure Variations

The pressure of hydrogen gas bubbling over the electrode is another critical factor
influencing the potential of the S.H.E.

Theoretical Background

- According to the Nernst equation, the potential depends logarithmically on the activity
(or partial pressure) of hydrogen gas:

\[

E = 0 - \frac{RT}{nF} \In \left(\frac{p {H 2} }{p~\circ}\right)
\]

where:

-\(p_{H _2}\) is the partial pressure of hydrogen gas,
-\(p~™\circ)) is the standard pressure (1 atm).



- Under standard conditions, \(p {H 2} = 1\, \text{atm}\), so the potential is zero.

Pressure Deviations and Their Effects

- Increased Hydrogen Pressure:

- Raises the activity of hydrogen.

- Results in a positive shift in the potential.

- For example, doubling the pressure to 2 atm causes an approximate +0.014 V shift.
- Decreased Hydrogen Pressure:

- Lowers hydrogen activity.

- Causes a negative shift in the potential.

- At 0.5 atm, the potential shifts by about -0.007 V.

Practical Considerations

- To maintain the standard potential, hydrogen pressure
should be kept as close to 1 atm as possible.

- For experiments involving pressure variations, proper
corrections should be applied based on the logarithmic
relationship.

Electrolyte Composition and Its Influence

The electrolyte medium surrounding the platinum
electrode and hydrogen gas significantly determines the
potential of the S.H.E.

Hydrogen Ion Activity

- The activity of H* ions is central to the S.H.E.’s
potential.
- Standard activity is set at 1, correspondingtoa 1 M



solution of HCI or similar acid.
- Deviations from ideal activity influence the measured
potential:

\I
E = 0 - \frac{RT}{nF} \Ina {H"+}
\]

- When activity \(a_{H”+})) is less than 1, the potential
becomes negative; when greater, positive.

Electrolyte Ionic Strength and Composition

- Variations in ionic strength alter activity coefficients.
- High ionic strength solutions reduce activity
coefficients, making ions behave as if in a more "ideal"
solution.

- Use of different acids or salts can introduce
interfering ions or complexing agents, affecting
hydrogen ion activity and thus the potential.

Electrolyte Purity and pH Control

- Impurities and contaminants can influence H* activity.
- Strict control of electrolyte composition ensures
stability and accuracy of the S.H.E. potential.

Buffering Capacity

- Strongly buffered solutions stabilize H* activity,



maintaining consistent potential.
- Weak or no buffering can lead to fluctuations during
measurements.

Physical and Material Factors

Beyond thermodynamic variables, physical aspects of
the S.H.E. impact its potential stability and accuracy.

Platinum Electrode Surface

- The platinum must be clean, smooth, and free of
oxides or adsorbed impurities.

- Surface roughness or contamination can alter the
electrode's catalytic activity, affecting the hydrogen
evolution and absorption behavior.

- Regular polishing and cleaning are necessary for
consistent potential.

Electrode Size and Geometry

- Larger electrodes tend to have more stable potentials
due to increased surface area.

- Non-uniform surfaces can introduce potential
inconsistencies.



Hydrogen Gas Purity

- Impurities in hydrogen gas (e.g., oxygen, nitrogen,
hydrocarbons) can affect the electrode reaction.

- High-purity hydrogen (99.999%) is recommended for
precise measurements.

Physical Conditions of the Cell

- Temperature fluctuations, vibrations, or mechanical
disturbances can influence potential stability.

- Proper cell design and environmental controls
mitigate such issues.

Deviations from Standard Conditions and Their
Practical Significance

In real-world applications, achieving perfect standard
conditions is challenging. Understanding how deviations
influence the S.H.E. potential is vital.

Summary of Potential Shifts

| Condition Change | Approximate Potential Shift |
Comments |



| Temperature increase (per °C) | +0.0001 to +0.001 V |
Minor but significant in high-precision work |

| Hydrogen pressure doubled (2 atm) | +0.014 V |
Linearly dependent via Nernst equation |

| Hydrogen pressure halved (0.5 atm) | -0.007 V |
Similarly predictable |

| pH increased (more acidic solution) | Potential
becomes more positive | Directly related to activity of H*
|

| pH decreased (more basic solution) | Potential
becomes more negative | Activity of H* decreases |

| Electrolyte contamination or impurities |
Unpredictable shifts, potential instability | Need for
rigorous purification |

Implications for Electrochemical Measurements

- When using the S.H.E as a reference, it is critical to
control environmental factors.

- For high-accuracy measurements, corrections based
on the actual conditions should be applied.

- Regular calibration and maintenance ensure the S.H.E.
provides a reliable reference.

Conclusion: The Dynamic Nature of the S.H.E.
Potential

While the
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