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Context 

• In LC-MS you have to constrain the LC to get 
the benefits of MS 

• When doing Fast Online LC×LC-MS we are 
pushing conditions to the limit 

– Very high flow rates 

– Ultra-fast gradients 

– Injections into the 2D every 12-20 s 

– Scan mode for non-targeted analysis 
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Indoles mixture. DAD@220 nm, MSD TIC@100-700 Da, tc: 21 s, Active Splitter: 27 µL/min 
2D column is SB-C18 30x2.1 3.5 um,  2tg: 18, 2F: 1.5 mL/min 

LCxLC: DAD vs. MSD 

DAD 

MSD 



LCxLC: DAD vs. MSD 
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Indoles mixture. DAD@220 nm, MSD TIC@100-700 Da, tc: 21 s, Active Splitter: 27 µL/min 
2D column is SB-C18 30x2.1 3.5 um,  2tg: 18, 2F: 1.5 mL/min 
EIC: Cyan@143.2, Pink@193.3, Green@204.2 

DAD@220 MSD TIC 

EIC: 143.2 EIC: 204.2 EIC: 192.3 



Outline 

• Background 

• The Organic Modifier 

• Acid Type and Concentration 

• Effect of pH in Fragmentation 

• Quality of the Solvents 

• Matrix Effects and Ion Suppression 

• Strategies To Reduce Matrix Effects 
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Coupling LC with MS 

• Atmospheric Pressure Ionization (API) 

– Electrospray Ionization(ESI) 

– Atmospheric Pressure Chemical Ionization (APCI) 

– Atmospheric Pressure Photo-Ionization (APPI) 

• ESI is currently the most widely used 
ionization source (80 % of publications with 
LC-MS) 
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The amount of Ions going into the 
source will depend on 

• ES efficiency 

• Protonation of molecules 

• Ions observed in the ES MS do not reflect the 
equilibrium concentrations of ions in solution* 

7 * Hiraoka K., Murata K., and Kudaka I., J. Mass Spectrom. Soc. Jpn. , 1995, Vol. 43, No. 3 



The Organic Modifier 
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Acetone, Methanol and Acetonitrile 

Fritz, R.; Ruth, W.; Kragl, U. Rapid Communications in Mass Spectrometry 2009, 23, 2139–2145. 

Acetonitrile with 0.1% formic acid; Methanol with 0.1% formic acid; Water with 0.1% 
formic acid (all LC/MS Chromatosolv) purchased from Riedel-de Haen (Seelze, Germany) 
 
Acetone (Baker ultra resi-analysed) from J.T.Baker (Deventer, The Netherlands). 
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Acetone, Methanol and Acetonitrile 

Chromatograms of a tryptic digest of BSA using (A) ACN, (B) MeOH, and (C) Acetone 

Fritz, R.; Ruth, W.; Kragl, U. Rapid Communications in Mass Spectrometry 2009, 23, 2139–2145. 

BioBasic C18, 2.1x150 mm, 5 um, 300A; 
Thermo Scientific 

Gradient: 5% ACN in water (0.1% FA) for 10 
min; linear gradient to 80% ACN in 40 min, 
hold for 5 min and back to 5% ACN in 5 min 
(Same for Methanol and Acetone) 
F: 150 uL/min @ 25 C. 
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ACN MeOH 

Acetone 



Acetone, Methanol and Acetonitrile 

Fritz, R.; Ruth, W.; Kragl, U. Rapid Communications in Mass Spectrometry 2009, 23, 2139–2145. 11 



Acetone and Acetonitrile 

• With respect to ESI, acetone has a lower 
surface tension and higher volatility than 
acetonitrile, suggesting that ESI would be 
more efficient with acetone than with 
acetonitrile 

• Finally, we note that the price of acetone is 
comparable to methanol and roughly one-
third that of acetonitrile (Fisher Optima grade) 

 

Keppel, T. R.; Jacques, M. E.; Weis, D. D. Rapid Communications in Mass Spectrometry 2010, 24, 6–10. 12 



Acetone and Acetonitrile 

Total ion chromatograms of the separation of the peptide retention standard. (c) C18 column with an 8–
18% B acetonitrile/water gradient, and (d) C18 column with a 7–18% B acetone/water gradient. 
50x1.0mm ZORBAX 300 SB-C18, 3.5 um, 300 A; F: 50 uL/min 

Keppel, T. R.; Jacques, M. E.; Weis, D. D. Rapid Communications in Mass Spectrometry 2010, 24, 6–10. 13 

ACN 

Acetone 



Maximized signal intensity for each peptide 
dissolved in acetone/water/formic acid 
(25/75/0.1%). 

Maximize signal intensity of peptides dissolved 
in acetonitrile/water/formic acid (25/75/0.1%) 
directly infused into the electrospray source. 

Acetone was substituted for acetonitrile as the 
organic solvent and spectra were acquired 
with TOF settings unchanged from their 
acetonitrile-optimized settings. 

Keppel, T. R.; Jacques, M. E.; Weis, D. D. Rapid Communications in Mass Spectrometry 2010, 24, 6–10. 

ESI+ Efficiency: 
Solutions directly infused into the MSD 
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Acetone and Acetonitrile 



Keppel, T. R.; Jacques, M. E.; Weis, D. D. Rapid Communications in Mass Spectrometry 2010, 24, 6–10. 

ESI Efficiency: Optimized parameters 
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Acetone and Acetonitrile 



Acetone and Acetonitrile 

Comparing spectra in the m/z 50–500 region for these two solvent mixtures shows that 
acetone had a more complex mixture of ions at higher intensities. 

Keppel, T. R.; Jacques, M. E.; Weis, D. D. Rapid Communications in Mass Spectrometry 2010, 24, 6–10. 

Solvents from Fisher Scientific: 
Optima LC/MS grade ACN and Water 
Optima grade Acetone 
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Acid Type and Concentration 
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Influence of Acid Type and 
Concentration in ESI+ (Proteins) 

Huber, C. G.; Premstaller, A. Journal of Chromatography A 1999, 849, 161–173. 18 



Influence of Acid Type and 
Concentration in ESI+ (Proteins) 

Huber, C. G.; Premstaller, A. Journal of Chromatography A 1999, 849, 161–173. 19 



Effect of Weak Acids on ESI- 

Wu, Z.; Gao, W.; Phelps, M. A.; Wu, D.; Miller, D. D.; Dalton, J. T. Analytical Chemistry 2004, 76, 839–847. 

“…different acids had quite different effects on the negative-ion ESI responses of these 
compounds, indicating that the properties of the acid played an important role in analyte 
deprotonation.” 
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Effect of Weak Bases on ESI- 

Wu, Z.; Gao, W.; Phelps, M. A.; Wu, D.; Miller, D. D.; Dalton, J. T. Analytical Chemistry 2004, 76, 839–847. 21 



Effect of pH on MS/MS Fragmentation 

…”These charge-site isomers have identical m/z 
values but different sites of proton attachment. 

The different charge-site isomers can fragment 
independently and the resulting MS/MS 
spectrum in a given mobile phase is a composite 
of these product ion spectra and reflective of 
the mixture of ions present in the gas phase 
when electrosprayed from solution of a specific 
composition.” 

Wang, J.; Aubry, A.; Bolgar, M. S.; Gu, H.; Olah, T. V.; Arnold, M.; Jemal, M. Rapid Communications in Mass 
Spectrometry 2010, 24, 3221–3229. 22 



Effect of pH on MS/MS Fragmentation 

Wang, J.; Aubry, A.; Bolgar, M. S.; Gu, H.; Olah, T. V.; Arnold, M.; Jemal, M. Rapid Communications in Mass 
Spectrometry 2010, 24, 3221–3229. 23 



Effect of pH on MS/MS Fragmentation 

Wang, J.; Aubry, A.; Bolgar, M. S.; Gu, H.; Olah, T. V.; Arnold, M.; Jemal, M. Rapid Communications in Mass 
Spectrometry 2010, 24, 3221–3229. 24 



Quality of the Mobile Phase 

• The quality and suitability of all the mobile phase 
constituents must be considered because they all enter 
the ion source and influence ion generation. (1) 

 

• In evaluating the response of 32-desmethoxyrapamycin 
using 9 brands of methanol from 5 different 
manufacturers, they demonstrated that the MS/MS peak 
area could vary by at least an order of magnitude (10-
fold).(2) 

(2) T.M. Annesley, Clin. Chem. 53 (2007) 1827. 

(1) Gray, M. J.; Jahani, S.; Low, G. K.-C. Journal of Chromatography A 2012, 1219, 83–92. 
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Gray, M. J.; Jahani, S.; Low, G. K.-C. Journal of Chromatography A 2012, 1219, 83–92. 

Quality of the Mobile Phase 

26 



Quality of the Mobile Phase 

Gray, M. J.; Jahani, S.; Low, G. K.-C. Journal of Chromatography A 2012, 1219, 83–92. 27 



Quality of the Mobile Phase 

Gray, M. J.; Jahani, S.; Low, G. K.-C. Journal of Chromatography A 2012, 1219, 83–92. 28 



Matrix Effects 

• Matrix effects are the alteration of ionization 
efficiency by the presence of co-eluting 
substances 

• The exact mechanism of matrix effects is 
unknown 
– Competition between nonvolatile matrix components 

and analyte ions for access to the droplet surface for 
transfer to the gas phase 

• The majority of matrix effects occur in the solvent 
front of a chromatographic run (careful….) 
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Matrix Effects 

Mallet, C. R.; Lu, Z.; Mazzeo, J. R. Rapid Communications in Mass Spectrometry 2004, 18, 49–58. 

+ 0.5% NH4OH 

No additive 

+ 0.5% TFA 
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Matrix Effects: pH Additives 

Mallet, C. R.; Lu, Z.; Mazzeo, J. R. Rapid Communications in Mass Spectrometry 2004, 18, 49–58. 31 



Matrix Effects: Buffers 

Mallet, C. R.; Lu, Z.; Mazzeo, J. R. Rapid Communications in Mass Spectrometry 2004, 18, 49–58. 32 



Matrix Effects: Sample Clean-up 

Mallet, C. R.; Lu, Z.; Mazzeo, J. R. Rapid Communications in Mass Spectrometry 2004, 18, 49–58. 33 



Matrix Effects: Sample Clean-up 

Mallet, C. R.; Lu, Z.; Mazzeo, J. R. Rapid Communications in Mass Spectrometry 2004, 18, 49–58. 34 



Matrix Effects: Sample Clean-up 

Mallet, C. R.; Lu, Z.; Mazzeo, J. R. Rapid Communications in Mass Spectrometry 2004, 18, 49–58. 35 



Matrix Effects: Sample Clean-up 

Mallet, C. R.; Lu, Z.; Mazzeo, J. R. Rapid Communications in Mass Spectrometry 2004, 18, 49–58. 36 



Matrix Effect of Blood and Sample 
Preparation Method 

Taylor PJ, Johnson AG. J Chromatogr. B 1998;718:251–7. 37 

Protein Precipitation 

SPE 

Baseline 



Approaches to Reduce Matrix Effects 

Nováková, L. Challenges in the development of bioanalytical liquid chromatography–mass spectrometry method with 
emphasis on fast analysis. Journal of Chromatography A 2012. 38 



Reduced Matrix Effect by 2D-LC 
(sLCxLC) 

SRM chromatogram from a 1D-LC separation SRM chromatogram from a sLCxLC separation 

Groskreutz, S. R.; Swenson, M. M.; Secor, L. B.; Stoll, D. R. Journal of Chromatography A 2012, 1228, 41–50. 39 



Conclusions 

• Acetone might be better than it was shown but 
definitively a viable alternative 

• The choice of the additive is mode (ESI + or -) and 
sample dependent 

• Matrix effects have to be addressed whenever possible 
• Biological samples clean-up is highly advisable (almost 

mandatory…) 
• Quality of solvents is very important, especially in Scan 

mode 
• Matrix effects can be reduced with more resolving 

power 
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Question: 

• How can we improve the baseline in Fast 
Online 2D-LC? 

– Consistent flow rate 

– Balanced ionization in gradient solvents? 

– Selective background removal method? 
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