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• Large sample losses can occur in ESI-MS as 
the electrospray plume is sampled into the 
MS inlet capillary/orifice.1, 2

• The inlet i.d. can be increased to gain ion 
sampling efficiency, but increased pumping 
requirements are needed, limiting routine 
use.3

• We eliminate these losses by removing the 
inlet and placing the electrospray source 
inside the mass spectrometer.

• The new source is characterized and 
evaluated using HPLC and demonstrates 
improved detection sensitivities.
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• We present a new electrospray source design 
that can potentially eliminate ESI-MS interface 
ion losses. 

• The new design locates the electrospray 
emitter in a reduced pressure region (~30 
Torr) so that electrospray droplets are emitted 
directly into an electrodynamic ion funnel, 
eliminating the need for an atmospheric 
pressure inlet.4

• The new subambient pressure ionization with 
nanoelectrospray (SPIN) source allows the 
use of typical LC solvents, does not increase 
the interface pumping requirements, provides 
an effective desolvation region without 
electrical discharge, and improves MS 
sensitivity.  

• We demonstrated stable electrosprays from 
750 to 25 Torr. We also coupled the SPIN 
source to HPLC using gradient elution to 
analyze a protein tryptic digest sample, 
showing a 5- to 10-fold improvement in 
sensitivity versus a typical heated capillary 
inlet. 

• Finally, we incorporated an electrospray 
emitter array in the SPIN source to further 
extend the sample flow rate range.
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• The electrospray emitter assembly contains a 5 μm i.d. 
chemically-etched emitter, counter electrode, and the capability 
of a sheath gas.

• The higher pressure ion funnel operates at 30 Torr and provides 
an effective desolvation region while focusing and transmitting 
the ions to the mass analyzer.

• The SPIN source and interface was installed on an Agilent single
quadrupole mass spectrometer for characterization and testing.

Testing and characterization
Electrospray current profiles:  ESI of a MeOH and H2O 
solution at different ionization chamber pressures
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• Stable electrosprays achieved from 755 to 25 Torr
• Narrower electrospray plume at lower pressures caused by 

increased mobilities of the charged droplets
• Electrospray current remains unchanged through entire 

pressure range

• An electrospray ionization source has been 
combined with an ion funnel to allow ion 
production inside the first vacuum chamber 
of the mass spectrometer.

• The new ESI source eliminates essentially 
all ion loss associated with using an inlet to 
sample the electrospray current.

• HPLC was coupled to the new source to 
evaluate its use with proteomics analyses.

• Sensitivity increases of 5- to 10-fold indicate 
that ion transmission loss is greatly reduced 
while retaining the ionization efficiency.

• Use of an electrospray emitter array allows 
several individual electrosprays to be 
concurrently sampled, increasing the sample 
flow rate range.

Implementation with LC/MS

Standard ESI source
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SPIN source

LC/MS analysis of a protein tryptic digest solution

• 0.5 μg of a BSA tryptic digest loaded onto a 75 μm i.d. packed 
column with gradient elution (flow rate of 0.3 μL/min)

• Standard ESI used a 7.6 cm long, 480 μm i.d., heated capillary
• Both sources used 30 Torr and 1.7 Torr tandem ion funnels
• 5- to10-fold sensitivity increase obtained with the SPIN source

Mass spectra from the highest point in the elution 
profile of tryptic peptide m/z 494.8

• Similar mass profiles and increased peak intensities obtained 
with the SPIN source
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Standard ESI source SPIN source
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Infusion of a peptide solution at various flow rates 
using a single emitter and 6-emitter array with the 
SPIN source

• Peak intensities decline at higher flow rates with the single 
emitter due to incomplete desolvation

• Using an array of emitters reduces the flow rate per emitter, 
improving desolvation and allowing larger flow rates
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Significantly improving MS sensitivity by operating nano-electrosprays at subambient pressures

ES emitter
device

760 Torr 30 Torr 1.7 Torr

Ion funnel
(750 kHz, 70 VP-P)

Jet disrupter

Low capacitance ion 
funnel
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To mass analyzer

5.7 L/s rough pump 5.7 L/s rough pump
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