
Objectives
• Reliable electrospray current measurements during 

LC-MS analyses

• Feedback control of the electrospray ion source 
voltage during LC-MS analyses
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Overview
In spite of the tremendous technological growth of LC-
MS, the seemingly robust electrospray remains a 
relatively neglected and poorly understood 
intermediate. Changes in liquid composition during 
gradient elution LC-MS analyses are expected to affect 
the electrospray operation. Attempts to control the 
electrospray operating conditions (e.g., applied voltage 
or distance to the MS inlet) based on feedback from 
electrospray imaging1 and – more recently – spray 
current measurements2,3 have been described; 
however, a clear understanding of the electrospray
performance during gradient elution LC-MS 
measurements is still lacking.  As such, we evaluated 
the performance of an electrospray ion source during 
reversed-phase LC-MS analyses.

Introduction
• LC-ESI-MS has become de facto standard for 

proteomics research

• The vast majority of LC-MS analyses are performed 
with little or no feedback with respect to electrospray
performance.

• Direct optimization of the analyte signal prior to data 
acquisition is not possible, as for infusion 
measurements. 

• Changes in electric field due to different emitter-MS 
inlet distance or different emitter length are generally 
not accounted for.

• The effect of changing liquid composition during 
gradient elution LC-MS analyses on the electrospray
operation has not been evaluated.

Conclusions
• Spray current measurements can be used to monitor 

the electrospray operation throughout gradient LC-
MS measurements

• Spray current measurements provide a reliable 
quality control mechanism and important information 
regarding electrospray operation by diagnosing 
emitter clogging, the presence of air bubbles in the 
eluent, and emitter aging

• Based on gradient maps, the electrospray voltage 
can be rationally selected to ensure optimal 
operation throughout the analysis

• Experimental conditions that bring more definition to 
the shape of the characteristic curves (different 
solvent systems, solvents of much lower conductivity, 
lower flow rates, flow split through multi-emitter 
arrays) could benefit significantly from more 
sophisticated voltage control algorithms
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Figure 6. Base peak ion chromatogram, applied voltage 
and spray current for LC-MS analysis with feedback control 
of the applied voltage (top). Applied voltage traces for four 
consecutive LC-MS analyses (bottom).

Figure 5. LC-MS analysis performed using feedback from 
spray current measurements to control the voltage with 
minimal a priori knowledge about the LC gradient.

Figure 3. Gradient map6 composed of electrospray
characteristic curves measured during a gradient LC-MS 
blank run. The base peak ion chromatogram (BSA tryptic 
digest) illustrates the time domain of analytical interest.
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Figure 4. Base peak ion chromatogram and spray current 
for LC-MS analysis performed with constant (1250 V) 
electrospray voltage (top). Spray current traces for four 
consecutive LC-MS analyses (bottom).

The I=f(V) curve at 200 nL/min loses the definition 
characteristic to lower flow rates:

• no cone-jet regime
• anchoring point
• discharge point

Emitter aging:
• unavoidable process accompanied by visual and 

operational clues
• accelerated by electrospray operation below the 

anchoring point or above the discharge point

Figure 1. Electrospray characteristic curves4
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Figure 2. Instrument setup. Similar voltages are applied to both 
ends of the chromatographic column to minimize the effect of 
the leakage current on the spray current measurements.
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