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Current challenges in ESI-MS

Fi i
Solvent 
E ti

Ion evaporation 
model

Electrospray ionization efficiency

+ ++ +
++

+

FissionEvaporation model

Charge residue 
model

++ +
+
+
+
+

++

++
+

+
+

+++

++
+

++ ++
++

++

+ ++ +
++

+

+
+

+

+ +++++

+++++ +++++

+++++

+++++

+++++

Ion transmission efficiency

1–2 Torr <10-2 Torr

C

760 Torr

to mass 
analyzer

Heated Capillary Inlet

Skimmer



Technologies for improving ion transmission 
efficiency
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Multi-emitter electrospray for high ionization 
efficiency

• 9 emitters, 2-3 fold increase in 
signal intensity
G ti f M lti l El t iGeneration of Multiple Electrosprays using 
Microfabricated Emitter Arrays for Improved Mass 
Spectrometric Sensitivity
K. Tang, Y. Lin, D. W. Matson, T. Kim, R. D. Smith

Anal. Chem. 2001, 73, 1658-1663.

• 19 emitters, 11-fold increase in 
signal intensity
Capillary-Based Multi Nanoelectrospray Emitters: 
Improvements in Ion Transmission Efficiency andImprovements in Ion Transmission Efficiency and 
Implementation with Capillary Reversed-Phase 
LC-ESI-MS
R. T. Kelly, J. S. Page, R. Zhao, W.-J. Qian, H. M. Mottaz, K. 
Tang, R. D. Smith

Anal. Chem. 2008, 80, 143-149.

• Radial array, increased stability 
and signal intensity
Nanoelectrospray Emitter Arrays Providing 
I t itt El t i Fi ld U if itInteremitter Electric Field Uniformity
R.T. Kelly, J. S. Page, I. Marginean, K. Tang, R. D. Smith

Anal. Chem. 2008, 80, 5660-5665.



Alternative microfluidics multi-emitter designs

• Polydimethylsiloxane 
(PDMS) substrates

• Various emitter patternsp
• Rapid conversion of idea to 

device (~few days)
• Batch fabricate• Batch fabricate

1.8 mm



Soft lithography fabrication of microfluidic 
multi-emitters 1”
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Microfluidic multi-emitters vs. single emitter 
electrospray

16 emitter31 emitter

• Increase in spray currentIncrease in spray current 
(5X) is proportional to the 
square root of both the flow 
rate and number of emitters
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• Data fits to cone jet model
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Future multi-emitter evaluation and refinement

• Couple multi-emitter with LC-MS 

• Integrate lab-on-a-chip techniques

• Implement with subambient pressure 
ionization with nanoelectrosray (SPIN) sourceionization with nanoelectrosray (SPIN) source



Increasing ion abundance by reducing losses 
associated with atmospheric pressure interfaceassociated with atmospheric pressure interface
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Eliminating inlet 
transmission biases

Peptide peak intensity increase between a
1.3- and 6.4-cm length inlet vs. mobility
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SPIN:  high efficiency 
ionization sourceionization source 
for improved ion abundance

Electrospray
emitter

Higher pressure 
ion funnel

SPIN source on an Agilent mass spectrometer

Sample

~20 TORR ~2 TORR

CO2 
Heater

ES counter 
electrode • Ions are generated at reduced 

pressure directly into an ion funnel
• Solvent desolvation is aided by

11
Anal. Chem. 2008, 80, 1800-1805.  
Appl. Phys. Lett. 2009, 95, 184103.

• Solvent desolvation is aided by 
use of a heated sheath gas

• HPLC compatible



SPIN source efficiency
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SPIN MS vs. ESI MS

5.0E5 • Higher intensity with SPIN source
• S/N is increased 8X with SPIN source
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Conclusions

• Multiemitter ESI arrays provide a 5-fold increase in spray 
current

• Improvements in the design and implementation of the 
SPIN source have resulted in:

~50% ion source efficiency– ~50% ion source efficiency
– Higher intensity and S/N ratio compared to ESI MS
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