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C15H31COOH
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MgCl2

CaCl2

PA

Mg2+ or Ca2+ solution



Brewster Angle Microscopy and 
Compression Isotherms
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Brewster Angle Microscopy and 
Compression Isotherms

G-TC: gas and tilted condensed          
coexistence phase 

TC: tilted condensed phase

UC: untilted condensed phase



VSFG (2800 – 3000 cm-1)
C-H stretching region

Vs(CH2)
2842 cm-1

2874 cm-1
Vs(CH3)

2940 cm-1
VFR(CH3)

Acyl chain of PA is more ordered 
at higher Mg2+ concentration

A condensing effect is much 
more pronounced in Ca2+ than in 
Mg2+



VSFG (1300-1500 cm-1)
-COOH and -COO- Vss Region

1. pH Control Study

1300 cm-1 C-O stretch 
of -COOH group

1410 cm-1 hydrated form of -
COO- group

deprotonation

protonation



VSFG (1300-1500 cm-1)
-COOH and -COO- Vss Region

2. Mg2+ vs Ca2+ 

1417 cm-1

1435 cm-1

1475 cm-1

1417 cm-1 hydrated form of COO-

1475 cm-1 1:1 ionic complex

1435 cm-1 2:1 (2Ca2+/1COO-) 
bridging ionic complex

Mg2+

COO- exists as a hydrated species 
accompanied by a smaller fraction of 1:1 
ionic complex

Ca2+



Na+ vs K+ 

1414 cm-1

1475 cm-1



VSFG (1300-1500 cm-1)
-COOH and -COO- Vss Region

2. Mg2+ vs Ca2+ 

1435 cm-1

2~ NISFG

1435 cm-1 2:1 (2Ca2+/1COO-) bridging ionic complex?



VSFG (1300-1500 cm-1)
-COOH and -COO- Vss Region

2. Mg2+ vs Ca2+ 

1435 cm-1 2:1 (2Ca2+/1COO-) 
bridging ionic complex

1435 cm-1 COO- intensities ratio 2:11435 cm-1

Number density ratio of 
COO- is close to 1.5 + Ca2+ concentration 

ratio is 3



VSFG (1300-1500 cm-1)
-COOH and -COO- Vss Region

bidentate 
complex

bridging 
complex

ionic 
complex

monodentate 
complex



VSFG (1300-1500 cm-1)
-COOH and -COO- Vss Region

3. Time evolution study 

0.1M Ca2+



VSFG (1300-1500 cm-1)
-COOH and -COO- Vss Region

3. Time evolution study 

0.3M Ca2+



VSFG (1700-1800 cm-1)
vC=O Region
1. pH Control Study

1720 cm-1 hydrated 
C=O group in the 
COOH headgroup 

protonation

deprotonation



In presence of Ca2+, COOH 
is more deprotonation

VSFG (1700-1800 cm-1)
vC=O Region

At higher Ca2+ concentration, 
COOH is more deprotonation

2. Mg2+ vs Ca2+ 



Conclusion

At 0.1 M Ca2+ (aq)

(2Ca2+:1COO-)
(1Ca2+:1COO-) 

time increases

At 0.3 M Ca2+ (aq)
(2Ca2+:1COO-) 

At 0.1 and 0.3 M Mg2+ (aq)

smaller fraction

(1Mg2+:1COO-) 

hydrated form of COO- +


