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Introduction 

Investigation the ionic binding event that leads to deprotonation and complex 

formation of fatty acid headgroups 

 

• Ionic binding to the carboxylic acid headgroups of PA monolayers 

– of alkali ions Na+ and K+ 

• Palmitic acid (PA) : C15H31COOH 

– 𝜋 − 𝐴 isotherms 

– BBSFG spectra: surface vibrational stretch modes of PA from 1400 to 3700 cm-1 

were observed (𝜈𝑠-𝐶𝑂𝑂−, 𝜈-𝐶 = 𝑂, 𝜈-𝐶 − 𝐻, 𝜈-𝑂 − 𝐻 of −𝐶𝑂𝑂𝐻, free 𝑂𝐻) 

 



Na+ vs. K+   

• K+ and Na+ interact differently with the headgroup of PA 

– the increase of the surface pressure at collapse increases: K+ > Na+ 

– the surface pressure at the TC to UC phase transition decreases at NaCl and KCl 

 

the gas (G)/tilted condensed (TC) coexisting phase - the TC phase - the untilted 
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Carboxylate Symmetric Stretching (𝜈s−𝐶𝑂𝑂−) Region 

• D31-PA should all be in the 

deprotonated form 

 

 

 

 

• 1410 cm-1 peak is attributed to the 
hydrated species of the -𝐶𝑂𝑂− 

groups 

 

• pH 1.0 = pH 6.0 

– no obvious spectral intensity 

– the majority of PA are still in the 

protonated form at this pHs 

 

perdeuterated chains of PA 

1410 

P.B. Miranda et al. Chem. Phys. Lett. 

Hexacosanoic acid 
CH3(CH2)24COOH 



Carboxylate Symmetric Stretching (𝜈s−𝐶𝑂𝑂−) Region 

• 1414 cm-1 peak for 

the hydrated 

− 𝐶𝑂𝑂− species 

 

 

 

 

 

 

• 1475 cm-1 peak for 

the complexed 

− 𝐶𝑂𝑂− species 

1475 

• 1414 cm-1 peak increases when Na+ 

concentration is increased  

• 1475 cm-1 peak increases when K+ 

concentration is increased  

1414 



• K+ binds less tightly with surrounding water molecules than Na+ 

– the charge density: on K+: 0.045 C/Å3, on Na+: 0.088 C/Å3 

– the difference in Stokes hydration radii: K+: 2.4 Å, Na+: 3.3 Å 

• K+ is more likely to interact with the headgroup than Na+ 

– the headgroup is able to replace most of the water molecules in the first hydration 

shell of K+ 

– deprotonation occurs, and a 1:1 ionic complex forms, —COO−/K+ 

 

 

Na+ vs. K+   



Carbonyl Stretching (𝐶 = 𝑂) Region at pH 1.0, 6.0, and 13.3 

• at pH 1.0 PA headgroups are protonated  

• at pH 6.0 PA headgroups are still protonated (even near neutral pH) 

• at pH 13.3 PA headgroups are mostly transformed to the −𝐶𝑂𝑂− groups due 

to near complete deprotonation  

basic neutral acidic 



Carbonyl Stretching (𝐶 = 𝑂) Region 

• irrespective of the concentration difference in Na+(aq) solutions  

• concentration increasing in the K+(aq) solutions decreases peak 

intensity  



 Dangling O—H (~3700 cm−1) 

• f 

• The alkali cations favor strong hydration shells and are inclined to 

be buried in the bulk.  



O-H Stretching Region 

3590 cm−1 

3620 cm−1 

The peak position 

at 3590 cm−1 does 

not shift.  

blue-shifted 



O-H Stretching Region  

• 3590 cm-1 peak is the unique product arising from water molecules 

directly interacting with the PA headgroup 



Conclusion 

• The presence of cations initiates deprotonation of the carboxylic acid 

headgroups via two unique mechanisms:  

– first, the deprotonation of PA headgroups could be caused by the long-range electrostatic 

interaction between the hydrated cations and the headgroup, (Na+) 

– second, a similar interaction could as well directly result from ionic complex formation between 

the nonhydrated cations and the headgroup, (K+) 

• This is consistent with the slight differences in their hydration parameters: 

surface charge and hydration radii.  


