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Molecular dynamics of  surfactants at 
fluid-fluid interface.
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 LITERATURE REVIEW(PRE-SALT)

Vasquez, Guilherme, et al. "Petrogeophysics of the Brazilian pre-salt rocks." SEG International Exposition and Annual Meeting. OnePetro, 
2019.

RESERVOIR
➔ Pore   geometry:
➔ Geological 

mechanisms:
➔ Pressure and 

Temperature:
➔ Acid values (PH)

Carbonate rocksPre-salt Section in Santos 
Basin

calcite, dolomite  
and quartz. 

Diversity of pore 
geometries in the 
carbonates

Direct influence on the fluid/fluid interface.



Surfactants

Hydrophilic head

Hydrophobic tails

Surfactant Familie
● Anionic:
● Zwitterionic:
● Cationic:
● Non-ionic:

Rock Rock

Anionic Cationic

DODECYL TRIMETHYL 
AMMONIUM BROMIDE (DTAB)

NAGARAJAN, R.; RUCKENSTEIN, E. Theory of surfactant self-assembly: a predictive molecular thermodynamic approach. Langmuir, v. 7, n. 12, p. 
2934-2969, 1991.



Exploring phase diagrams of  microemulsion systems
● Transition of Winsor: 

oiloil

rock

surfactant

Oil/water microemulsion

water

positive curvature

Hydrophilic head

Hydrophobic tails

Solubilization, 
Emulsification, and 
Roll-up



Exploring phase diagrams of  microemulsion systems
● Transition of Winsor: 

RockRock

water

Water/oil microemulsion

Oil

negative curvature

water

Hydrophilic head

Hydrophobic tails



 Methodology
Molecular Dynamics

❖ Surfactants Dodecyl box 

INTERFACES

❖ Surfactant/Water
❖ Surfactant/Brine
❖ Surfactant-Brine/Heptane
❖ Surfactant-Brine/Toluene
❖ Surfactant-Brine/Heptol

❖ CGenFF CHARMM General Force Field and SPCE.



Partial Results

➔ 50 ps NVT
➔ 1 ns  NVT
➔ 1 ns NPT
➔ 1 ns NPT

Computational Details

● Thermostat: Nosé-Hoover
● LJ cutoff : 8,5Å e 10,0Å
● Integrator: 0.5 fs time step
● PPPM 10,0Å
● Ensemble: NVT, NPT
● T = 300K and P = 1atm
● 100 molecules of the DTAB (N=1, 

H=34 E C=15)
● Tolerance 2.0



One-Component Oil Interfaces with Surfactants

● 70 x 140 x 70 Å
● 5 τ % NaCl
● Toluene/Surfactant-Brine

 → number 2.901 / 17.118

⍴ = 0,8623 g/cm³DTAB

➔ 50 ps NVT
➔ 2 ns NPT
➔ 2 ns NVT structural property and dynamics
➔ 2 ns NPT to calculed IFT



One-Component Oil Interfaces with Surfactants

➔ 50 ps NVT
➔ 2 ns NPT
➔ 2 ns NVT structural property and dynamics
➔ 2 ns NPT to calculed IFT

⍴ = 0,6795 g/cm³

Heptane/Surfactante-Brine 

● 70 x 140 x 70 Å
● 5 τ % NaCl
● Heptane/Surfactant-Brine 

→ number 2.089 / 11.468



Multi-Component Oil Interfaces with Surfactants
➔ 50 ps NVT
➔ 2 ns NPT
➔ 2 ns NVT structural property and dynamics
➔ 2 ns NPT to calculed IFT

⍴ = 0,6795 g/cm³

Heptol/Surfactante-Brine 

●

⍴ = 0,8623 g/cm³

● HEPTOL: 50% Heptane and 
50% Toluene



Next step
● Calculate the Tilt and Rotation 

Angle of Chain Molecules. 
(Surfactant Bilayers: 
Temperature-dependent tilt)

● Interfaces between 
multi-component oil and 
brine/surfactant.

● Oil model 8 and 36 components.
● CMC



Components Oil models

CELASCHI,YURE M. Modelagem de fenômenos interfaciais combinando simulações moleculares e aprendizado de máquina com 
aplicações em processos de recuperação de petróleo. 2019. 174. Tese (Doutorado em Nanociências e Materiais Avançados ) - Universidade Federal do 
ABC, São Paulo, 2019. 



Gibbs free energy model

NAGARAJAN, R.; RUCKENSTEIN, E. Theory of surfactant self-assembly: a predictive molecular thermodynamic approach. Langmuir, v. 7, n. 12, 
p. 2934-2969, 1991.



Free energy of  formation of  the aggregate-water core 
interface.

Hydrocarbon surface tension

Aggregate-water core interfacial 
tension.

NAGARAJAN, R.; RUCKENSTEIN, E. Theory of surfactant self-assembly: a predictive molecular thermodynamic approach. Langmuir, v. 7, n. 12, p. 
2934-2969, 1991.
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