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❖Background study



❖Motivation of previous study



❖SFG results



❖Infrared reflection-absorption spectroscopy (IRRAS) results

Fig. 4 IRRAS spectra of the CD2 scissoring region for d31-PA monolayers on various pH solutions in 

(a) TC phase (24 Å2 per molecule) and (b) UCphase (20.5 Å2 per molecule).



❖My current work
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❖Experimental section

❑Deuterated arachidic acid(CENSaclay, France) was dissolved in chloroform at a 

concentration of 5 × 10-3 M and spread onto a subphase of ultrapure water (MilliQ from 

Millipore) containing either CaCl2, CdCl2, MgCl2, or NaCl. 

❑The pH of the subphase was adjusted by addition of HCl, NaOH, CaO, or MgO and was 

directly checked in situ during spectrum acquisition. The concentrations of the subphase 

counterions (3.1 ×10-3M CaCl2, 3.5 × 10-3 M CdCl2, 3 × 10-3 M MgCl2, and 10-2 M 

NaCl) have been chosen to prevent a significant variation of metallic cation 

concentration when the pH is increased.



❖Experimental setup 

Polarization-modulated IRRAS (PM-IRRAS)



❑ dAA with CdCl2

Figure 1. Normalized PM-IRRAS spectra of a monolayer of deuterated arachidic acid spread onto a water subphase

containing 3.5 ×10-3 M CdCl2 as a function of the subphase pH in the headgroups vibration range (a) and in the alkyl 

chains vibration range (b).
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❑ dAA with MgCl2 and CaCl2



❑ dAA with NaCl

❑Deprotonation is much more difficult to obtain 

and a pH 10.8 is required to eliminate the acidic 

form



❑ Normalization (Integrated intensity at highest pH for 𝞶𝑎 COO- band  

and the lowest pH for the  C=O band)

half-neutralization of 

acid occurs at the 

interface (0.5)

5.1 6.2



6.8 9



❖Determine ∆𝑝𝐻 (difference between pKa at the interface and pHhalf-neutral at the subphase)

−COO− H+
bulk

−COOH
= 𝐾𝑎

Acid−base equilibrium:

log10
−COO−

−COOH
= pH − pKa

pKa is the pH at which half of 

headgroups are 

protonated/deprotonated. 

Introduction to pKa
∆pH = pka − pHhalf − neutral

pKa=5.6 for arachidic acid

pHhalf

− neutral

Cd2+ 5.1

Ca2+ 6.2

Mg2+ 6.8

Na+ 9

∆pH

Cd2+ 0.5

Ca2+ -0.6

Mg2+ -1.2

Na+ -3.4

∆pH > 0 ∶ H3O
+ is smaller at the interface compare to subphase

∆pH < 0 ∶ H3O
+ is higher at the interface compare to subphase

H3O
+ = 10∆𝑝𝐻

H3O
+

Cd2+ 3 times smaller

Ca2+ 4 times higher

Mg2+ 15 times higher

Na+ Thousand times higher



Gouy-Chapman theory

❑Ions having a low number of electrons 

(Na+,….) is well adapted with Gouy-

Chapman theory.

❑Ions having a high number of electrons 

(Ca2+, Cd2+,..) have a specificity and an 

aptitude to form directed interactions 

with carboxylate


