
The Stern model combines the best features of the Helmholtz and Gouy-Chapman models,
providing a more realistic description of the Electric Double Layer that accounts for both the
compact ion layer and the diffuse layer extending into solution.

The Helmholtz model (single compact layer) and the Gouy-Chapman model (purely diffuse layer)
both had shortcomings:

Model Strength Weakness

Helmholtz Predicts correct order of magnitude
for C

No concentration or potential
dependence

Gouy-Chapman Explains concentration dependence Predicts infinite C at high potentials

Otto Stern (1924) resolved these issues by combining both approaches.

1. Stern Layer (Compact Layer)

A layer of specifically adsorbed ions and solvent molecules
Extends from electrode surface to the Outer Helmholtz Plane (OHP)

Stern Model

The Stern Layer Model

Why a Better Model Was Needed

The Stern Model Structure
The model divides the double layer into two regions:



No free charges within this region
Potential drops linearly (like Helmholtz)

2. Diffuse Layer (Gouy-Chapman Layer)

Begins at the OHP and extends into solution
Ion concentration follows Boltzmann distribution
Potential decays exponentially
Thickness characterized by the Debye length

The potential varies differently in each region:

?(x) = ?M - (?M - ?d) × (x/d)

Linear drop from metal potential (φM) to diffuse layer potential (φd)

Visual Representation
    ELECTRODE    STERN LAYER      DIFFUSE LAYER        BULK

    ┃ + + + ┃   H₂O  ⊖  H₂O     ⊖    ⊖        ⊕  ⊖
    ┃ + + + ┃   H₂O  ⊖  H₂O        ⊖     ⊕      ⊖
    ┃ + + + ┃   H₂O  ⊖  H₂O     ⊖       ⊖   ⊕
    ┃ + + + ┃   H₂O  ⊖  H₂O           ⊖       ⊕  ⊖

              |← IHP  OHP →|←──── λD ────→|

              |←── Stern ──→|←── Diffuse ─→|

    IHP = Inner Helmholtz Plane
    OHP = Outer Helmholtz Plane
    λD = Debye Length

Potential Distribution

In the Stern Layer (0 ? x ? d):

In the Diffuse Layer (x > d):



?(x) = ?d × exp(-(x-d)/?D)

Exponential decay with characteristic length λD (Debye length)

The Debye length (λD) characterizes how far the diffuse layer extends:

?D = ?(???rkBT / (2n?e²z²))

For a 1:1 electrolyte in water at 25°C:

?D ? 0.304 / ?c (nm)

Where c is the molar concentration (M).

Concentration Debye Length Context

10⁻⁷ M (pure water) ~960 nm Deionized water

10⁻⁴ M ~30 nm Distilled water

10⁻³ M ~10 nm Tap water

10⁻² M ~3 nm Dilute electrolyte

0.1 M ~1 nm Concentrated electrolyte

The Stern and diffuse layer capacitances are in series:

1/Ctotal = 1/CStern + 1/Cdiffuse

CStern = ???1A / d

Cdiffuse = (???rA / ?D) × cosh(ze?d/2kBT)

The Debye Length

Debye Length Examples

Total Capacitance in Stern Model

Stern Layer Capacitance:

Diffuse Layer Capacitance:



The Stern model correctly predicts:

Low concentration: Diffuse layer is thick (large λD), Cdiffuse is small, limits total
capacitance
High concentration: Diffuse layer collapses, Cdiffuse → ∞, Ctotal → CStern

Practical Implication: In concentrated electrolytes (like tap water with dissolved minerals), the
total EDL capacitance approaches the Helmholtz (Stern layer) value. In very pure water, the diffuse
layer contribution becomes important.

Temperature affects the Stern model through:

1. Debye length: λD ∝ √T (diffuse layer thickens at higher T)
2. Dielectric constant: εr decreases with T
3. Thermal voltage: kBT/e ≈ 26 mV at 25°C

For VIC circuit design, the Stern model helps predict:

Parameter Effect on EDL VIC Design Impact

Adding electrolyte Compresses diffuse layer Increases WFC capacitance

Using pure water Extended diffuse layer Lower WFC capacitance

Heating water Thicker diffuse layer Slightly lower capacitance

Increasing voltage Higher diffuse layer C Capacitance increases with V

Key Takeaway: The Stern model shows that EDL capacitance depends on electrolyte
concentration. For pure water (low ionic strength), the diffuse layer extends far into solution and
reduces total capacitance. Adding small amounts of electrolyte (even tap water impurities)
collapses this diffuse layer and increases capacitance toward the Helmholtz limit.

Next: EDL Effects in Water Fuel Cells →

Concentration Effects on Capacitance

Temperature Dependence

Application to Water Fuel Cells
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