
The advent of atmospheric pressure ionizsation (API) sources allows 

the coupling of high performance liquid chromatography (HPLC) to 

mass spectrometry (MS) [1], which has resulted in assays having lower 

detection limits and a greater degree of specificity. Other detector 

types also use an electrospray type interface such as Evaporative 

Light Scattering Detector (ELSD) and Charged Aerosol Detector 

(CAD). Electrospray ionisation (ESI) is one of the most widely used 

LC/MS interfaces and has applications in the analyses of a variety of 

different analytes such as characterisation of peptides and proteins  

[2,3,4], screening of drugs and steroids [5,6,7] and detection and 

quantification of residual pesticides in food [6,8,9,10]. The broad 

range of applications is due to the compatibility of the technology to 

a wide range of organic molecules. 

Within the field of bioanalysis the use of mass spectrometry coupled 

to liquid chromatography has become mainstream. The initial 

introduction of this technology was seen as resolving many, if not all 

of the issues that were associated with the analysis of compounds 

from a biological fluid. Approaches to sample preparation were 

significantly simplified, with terminology such as “‘dilute and shoot” ’ 

being introduced into the analytical scientist vocabulary.  However it 

was soon found that this approach also came with its own challenges 

which need to be addressed, notably;

• Robustness of the system

        Blocked columns

        Blocked syringes

        Precipitation of the  

        sample causing blockages

• Carryover

• Ion suppression

• Sensitivity issues

The addition of sample preparation and a chromatographic 

separation to the work flow ensures that all of these issues are 

addressed to a greater or lesser extent depending on the quality of 

the separation and also the sample preparation that is utilised.

The sample preparation is usually the most important aspect of the 

whole workflow, however typically it will involve the least amount of 

effort to optimise this part of the process. Sample preparation is often 

seen as something where generic approaches are employed and 

does not require the level of skill that is associated with the operation 

of the detection and chromatographic part of the process. However, 

since the analytical technique is dependent on the quality of the 

sample that is being analysed, any deficiencies that occur within the 

sample preparation will be transferred into the final analysis.

The sample preparation starts with the collection of the sample to ensure 

that the sample is representative of what is being measured. In most 

cases within a bioanalytical laboratory, the sample will be a biological 

fluid, which means that any sampling is highly likely to be representative 

due to the nature of the fluid flow within a biological system.

Subsequent to the sampling, the sample is then stored, and the 

nature of the storage container needs to be considered carefully 

to ensure that sample is not lost or modified. This is particularly 

important for larger molecules where the possible interactions is 

substantially increased compared to smaller molecules where the 

possible interactions may be limited due to the size of the molecule. 

It should also be noted that the configurational arrangement of a 

large molecule can be influenced by the storage vessel, thus proteins 

can denature in the presence of a hydrophobic surface and so 

consequently it is important to understand the nature of the analyte 

and also perform a series of simple experiments to determine if 

there are any issues at this stage of the sample preparation. These 

experiments would be as simple as monitoring the concentration 

levels over a period of time and also monitoring in different storage 

vessels to determine if there is any temporal differences in the 

observed concentration.

Once the sample storage has been addressed, the next aspect of 

the sample preparation to consider is how to remove the matrix 

components. Typically for a biological fluid this will focus on 

the removal of proteinaceous components and also looking at 

endogenous salts etc. 

The final stage of the workflow is the combination of the 

chromatography and detection techniques. This article will focus on 

the LC-MS as matrix effects do cause significant effects using this 

technology. The impact that the initial sample preparation has on the 

sample analysis can be very subtle and in certain situations will not be 

easily identified.

Typically, the separation is optimised for the analyte molecules and 

this can result in some interesting issues that would not occur when 

using less selective detection technology, where co-eluting peaks 

can be clearly seen, and late eluting peaks can also be readily seen. 

This results in a degree of variability in the detector response due to 

suppression issues and varying retention times of matrix components 

potentially impacting the signal observed from the same sample. 

In LC-MS there is an assumption that the injected sample is fully 

eluted from the column, or is irreversibly retained on the column, 

however when dealing with very complex samples this assumption 
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may not be correct, in particular if only a few of the components 

that are injected are being monitored. This is the scenario in many 

bioanalytical assays where the mass spectrometer is used to add 

further resolving power to the chromatographic separation by 

only monitoring for the analytes of interest. Unlike when using a less 

discriminative detector, matrix components that elute from the column 

will typically not be monitored, and thus it may not be feasible to 

determine if the peaks elute over one gradient cycle or require more 

gradient cycles to fully elute the matrix components form the column. 

This will result in variable amounts of matrix components being eluted 

dependant on the injection number within a particular batch.

Figures 1 and 2 looks at the elution of a series of phospholipids. 

Figure 1 shows the chromatography and responses obtained using 

different sample preparation techniques. It can be seen that from 

Figure 1 the peak shape is poor, and that a reasonable amount of 

retention time space is covered by just three matrix components. 

Altering the sample preparation also has a significant impact in the 

amount of phospholipids that are left on the column, with a protein 

precipitation approach providing the worst approach to removing this 

particular matrix component. Figure 2 investigates how effectively the 

phospholipids are eluted from a column. The first injection is from a 

protein precipitated sample and it can be seen that there is a high 

amount of the lower molecular mass (and lower hydrophobicities) 

phospholipids. All subsequent injections are of water, and so any 

peaks that are eluting are due to system carryover. In this case it is 

very evident that the chromatography has not been optimised for the 

matrix components and this results in the phospholipids being eluted 

from the column over many injections. In a standard batch the amount 

of matrix components in different samples can vary substantially, 

particularly if a less effective sample preparation technique is 

employed. This results in potentially a very complex situation for the 

amount of matrix components that are eluting into the detector, as it 

will be dependent not only on the on the original sample, but also on 

the history of the column.

The issue with the variable matrix components is that each matrix 

component has the potential to interfere with the ionisation process, 

due to the nature of how an ESI source works. Figure 3 shows a 

schematic of an ESI source. An ESI source is designed such that the 

Figure 1: Chromatography for phospholipids observed in a standard bioanalytical method, uising 4 different sample preparation approaches 5μ C18 50 x 4.6mm HPLC 

column, flow rate of 1mL/min Mobile phase A was 10mM ammonium acetate (aq) Mobile phase B was Acetonitrile 0 30%, 2.25 mins to 80%, step to 100% for 2.25 mins, 

then to 30% reequilibration for 2 mins

Figure 2: Demonstrating how phospholipids can elute from a HPLC column. 1st 

injection is a protein crash sample of rat plasma, all subsequent injections are water. 

Figure 3



May / June 2019
62

HPLC eluent travels through a spray capillary surrounded by a co-axial 

flow of nebulising gas, typically heated nitrogen. The liquid is charged by 

applying an electric field to the capillary, causing a potential difference 

between the capillary tip and the entrance of the high vacuum region 

of the MS. The application of a charge results in the generation of a 

Taylor cone. The surface tension of the eluent holds the liquid in a steady 

state for a set distance and beyond this an aerosol of charged droplets 

is formed and ejected towards the electrode of the opposing charge. 

Currently, there are two generally agreed mechanisms by which ions are 

formed from the charged liquid droplets: (a) the charged residue model 

(CRM) [11] ; and (b) the ion evaporation model (IEM) [12]. Both mechanisms 

have been demonstrated to exist together under the same experimental 

conditions and depending on the exact LC and MS parameters, one 

of these mechanisms will tend to be favoured. CRM states that solvent 

evaporation, often assisted by heat, causes the droplets to diminish in 

size, reaching a critical diameter or Rayleigh limit. At this point the residual 

charge on the remaining solvent is no longer stable on the available 

surface area of the droplet. This results in a Coulombic explosion which 

ideally would lead to the formation of a single molecule of analyte with 

a single charge associated with it. IEM proposes that droplets and ions 

are emitted from a much larger droplet and that this results in a gradual 

reduction of the size of the main droplet [11,12]. Other models do exist 

which explain the phenomena of electrospray [13,14,15], but these are 

generally variants or combinations of the CRM and IEM.

The CRM and IEM form a solid basis for understanding the processes 

that occur within an ionisation chamber in a mass spectrometer.  These 

models have been further developed to allow a better understanding 

of the competitive ionisation process that occurs in the presence of 

co-eluting components. The models also refine some of the original 

hypothesis of the underlying processes that are occurring. In particular 

the ion evaporation model has seen development to allow a better 

comparison with experimental data. Tang and Kebarle [16] further 

developed the Iribane and Thompson model proposing a model that 

related the ion evaporation rate to the concentration of the ion in the 

droplet. This model was further refined by Enke [17] who proposed 

using the ratio of equilibrium partitioning constants rather than the 

rate approach. The theory proposed by Enke looks at the competitive 

nature of the evaporation of the ions from the droplet state into the gas 

phase. This process is dependent on the concentration of ions at the 

surface of the droplet, which can be defined as follows;

Where 

Similarly

Representing the equilibrium of the analyte and electrolyte ions 

between the surface and interior of the droplet and;

[A+]s - concentration of ion A+ at the surface

X- - counterions

E+ - electrolyte ions

Q -  concentration of the excess charge

CA - concentration of analyte at the surface

CE - concentration of electrolyte at the surface

i - bulk concentration

Several authors [17,18] have looked at the application of this equation 

to the effects of mobile phases but it has not been applied to the ion 

suppression associated with the competitive ions generated from the 

stationary phase.

Initial studies associated with the coupling of LC to MS suggested 

that there was little or no requirement for a separation prior to the 

detector. However, it was soon realised that coelution of components 

into the detector would result in a distortion of the process by which 

ions are formed [19,20,21].Since this observation, the phenomenon of 

ion suppression or enhancement, which is the reduction or increase 

of signal response from the MS, has become a major concern to 

analysts. Significant efforts are employed to reduce the number of 

components that coelute into the MS by pretreating the samples 

or employing a separation step. This is particularly the case with 

complex biological and environmental samples where a considerable 

number of matrix components are present.

Even with extraction and preconcentration procedures, a target 

analyte extracted from a complex matrix can still be affected by the 

remaining components of the matrix [22], as well as other sources. 

This will lead to inaccurate quantification. There are examples in the 

academic literature that demonstrate matrix-related effects such as 

with the analysis of morphine [22], and during the analysis of caffeine 

where a loss of background ESI signal was observed during repeated 

injections of a pretreated plasma sample [23]. Researchers have been 

developing protocols evaluating different sample clean-up methods 

to minimise matrix effects efficiently. This is achieved by taking 

account of the matrix types and focusing on the removal of the matrix 

component [24]. A few researchers have also looked at the contribution 

of other, method-related components to the levels of ion suppression, 

with the focus being on the contribution of vials, septa and the 

extraction consumables to the change in the signal intensity [25].

The use of electrospray has radically changed analytical chemistry, 

chemistry; however, this increase in analytical power has to be 

respected and understood to be used effectively. It is the responsibility 

of the separation scientist to ensure that due diligence is applied to 

the development of the assay, and that the data produced is truly 

reflective of what is in the original sample. This starts with the approach 

to sampling, and sample storage, and continues with the choice of an 

appropriate sample preparation and separation process to ensure that 

the detector is giving a response that matches the reality.
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