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Setup - Electrospray ionization mass spectrometer (ESI-MS)  
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Experiment – TMA/N2 collide with water droplet  

1 mm

Amine senses less proton when it touches
interfacial region of microdroplets.



Experiment – TMA/N2 collide with water droplet  

Low flow
(0.03 ppmv)

High flow
(0.1~0.3 ppmv)

Premixed TMA+Cl- in 
water 

pKa ~ 9.96±0.02

Effective pKa ~ 3.8±0.2.
In colliding TMA(g) to water droplet



System - Electrospray ionization mass spectrometer (ESI-MS)  

TMAH+ signal drastically increases
with insertion of LiCl (or NaCl) in the
water droplets.

Maximum intensity at ~ 1 mM.



What is Jones-Ray effect?

Very small decreases of surface
tension was measured.

Tried to understand by preferential
solute adsorption at air/water interface.

JACS. 1937, 59, 187.



*Recent reinvestigation on Jones-Ray effect

Petersen and Saykally, JACS. 2005, 127, 15446.

Technique: monitoring resonant 
surface SHG from solvated I- by 
CTTS.

Petersen and Saykally, Annu. Rev. Phys. 
Chem. 2006, 57, 333.



*Recent reinvestigation on Jones-Ray effect

Petersen and Saykally, JACS. 2005, 127, 15446.

Gibbs free energy
of adsorption of -6.8 ±0.3 kcal/mol.



pH and TMA flow dependence of protonation.

pH ~ 3.5

pH ~ 2.0

TMAH+

TMALi+

pH ~ 2.0

62 kJ/molHD = -

164 kJ/molHD =

TMAH+ signal increases in low bulk pH.



Isotope effect of protonation

TMA(g) injected into 
D2O/H2O (50:50) micro 
droplet.

Pre-mixed TMAH+Cl in 
D2O/H2O (50:50) micro 
droplet.

Amount of harvested 
TMAH+ is much larger 
than that of TMAD+ in 
the case of gas collision.

Excess TMAH+ over 
TMAD+ is due to the 
difference in diffusion 
coefficient of D+ and H+. 



Isotope effect of protonation
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Model – finite adsorption time vs diffusion limited reaction
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Conclusion

1) Effective pKa value of adsorbed TMA is about 4 (bulk pKa ~10).

2) The authors suggested that finite time & diffusion of proton makes shift of
pKa of amine group in TMA.

3) Insertion of salt (NaCl/LiCl) some enhances the protonation of TMA.
(Seems to follow Jones-Dole effect, but deeper discussions are not found.)

4) More TMAH+ emerges from the gas Collison than TMAD+ because of larger
diffusion coefficient of H+ .


