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❑Main idea

❑ Trivalent salt induced charged 

inversion of BLG from 

negatively charged to 

positively charged

❑ Trivalent salts effect the 

stability of BLG foam

❑ 30 mM of trivalent salts 

screening the BLG in the bulk 

and 40 mM at the surface 



❑ Previous talks

Langmuir 2019, 35, 5004−5012 https://doi.org/10.1016/j.cocis.2014.03.008

❑ Effect of pH: Increase the pH reduce the charge reversal from positive to negative.

❑ Positive amino acids

❑ Negative amino acids
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❑ Previous talks

❑ Using Zeta potential and ellipsometry 

experiment



❑ Electrophoretic Mobility 𝜇ζ (in the bulk) and Optical Density (OD) 

❑ Electrophoretic Mobility 𝜇ζ changing from 

negative to positive when increasing YCl3

(black) and NdCl3 (red) 

❑ 30 mM of trivalent makes the zero charge BLG 

in the bulk 

❑ High OD (OD at 410 nm) at 30 mM (zero charge, 

most aggregate at zero charge)

❑ OD changing with time during 1 and 4 hours, 

changing from 30 to 50 mM  to colloidal stable 

solution.



❑ Surface tension was taken after 30 min 

(required)

❑ At 0 mM salt, surface tension of BLG is 

~ 61.3 ± 0.5  mN/m at 15 mM

❑ Increasing salt concentrations decreased 

the surface pressure  due to surface 

excess is enhanced.

❑ Surface tension experiment



❑ Trivalent salts - BLG mixture
❑Without salt BLG is negatively charged (pH~6.5)

❑ For < 40 mM : trivalent salts decrease the OH 

intensities and C-H of aromatic ring (3060 cm-1)is 

in negative dip 

❑ For > 40 mM : trivalent salts increase the OH 

intensities and C-H of aromatic ring (3060 cm-1)is 

in positive peak

❑ The similar behavior between NdCl3 and YCl3

❑ Charge reversal after adding more trivalent salts 

into the solution (from negatively charged to 

positively charged)0

> 0

< 0



❑ Charge reversal behavior 

❑ DMPA-LaCl3 from Tahara’s group ❑ DMPA-LaCl3 from our group ❑ AA-YCl3 from Erictyrode’s group

https://doi.org/10.1016/j.jcis
.2021.10.052J. Chem. Phys. 149, 024703 (2018) https://doi.org/10.3938/jkps.53.2320

Y(OH)2
+ or Y(OH)2+3670 cm-1

https://doi.org/10.1016/j.jcis.2021.10.052
https://doi.org/10.3938/jkps.53.2320


❑ Amide I and carboxylic headgroup region

COO-

1410 cm-1 1450 cm-1

Amide I 

YCl3-BLG

❑ Carboxylate band originates from Glu and Asp amino acid

❑ Increasing YCl3 concentration has split the COO- into two 

peaks (1410 and 1450 cm-1)

❑ Cion/Cp ~ 2 or 3 responded to 2 or 3 of Y3+ or Nd3+ with 1 

BLG molecule?

❑ Increasing Amide I intensity peak due to surface excess of 

BLG moieties at the interface 

❑ The shape is similar which mentioned no significant 

unfolding of secondary structure .

1460 cm-1

J. Chem. Phys. 149, 163304 (2018)

1655 cm-1

J. Phys. Chem. B 2010, 114, 51, 17068–17076



❑ Foam stability

❑ Increasing concentration of YCl3 (black) and 

NdCl3 (red) decreased the stability of the BLG 

foam 

❑ At 20 mM, it reached minimum the foam 

stability

❑ The foam stability is poor at near zero charged 

(30 and 40 mM, in the bulk and interface, 

respectively)



❑ Photographs of BLG solutions at different concentration of trivalent salt

2 days after



❑ Charge inversion happened when > 

2mM of CaCl2 in BLG solution

❑ C-H of aromatic ring change the sign 

from negative to positive

❑Main idea

Soft Matter, 2016, 12, 5995



❖CaCl2-BLG mixture

❖At 0 mM CaCl2, BLG is negatively charged

❖< 2 mM CaCl2, decrease OH intensities 

❖> 2 mM CaCl2, CH of aromatic ring is 

changing the sign from negative peak to 

positive peak which indicated the charged 

inversion

❖ > 100 mM CaCl2, enhance the OH again

❖CH3 slightly changed due to  interfere with OH 

but overall CH is very similar 

C-H of aromatic ring



❑Monovalent salts-

BLG

. Phys. Chem. B 2015, 119, 17, 5505–5517


