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Introduction

Mass spectrometry (MS) is one of the most common analytical techniques employed in the field of chemical analysis. The internal energy (IE) distribution of ions in the gas phase have always attracted attention of MS specialists because this energy deposited into analytes during the ionization process directly affects the in-source fragmentation [START_REF] Drahos | Thermal energy distribution observed in electrospray ionization[END_REF][START_REF] Collette | Calibration of the internal energy distribution of ions produced by electrospray[END_REF][START_REF] Collette | Comparison of the internal energy distributions of ions produced by different electrospray sources[END_REF][START_REF] Vékey | Electron capture induced decomposition of the benzene C6H62+ ion[END_REF][START_REF] Gabelica | Influence of the capillary temperature and the source pressure on the internal energy distribution of electrosprayed ions[END_REF][START_REF] Williams | The internal energy distribution in fast atom bombardment/liquid secondary ionmass spectra[END_REF]. This classical phenomenon is usually not desired because it could lead to complicate the MS data interpretation and make quantification more complex [START_REF] Tu | Internal energy deposition in infrared matrix-assisted laser desorption electrospray ionization with and without the use of ice as a matrix[END_REF] even if in-source dissociation is required for structural analysis when tandem mass spectrometry is not available. Therefore, a control of the IE from the MS setting is crucial depending on the goal of the analyses such as study of non-covalent interactions [START_REF] Touboul | Ion internal energy distributions validate the charge residue model for small molecule ion formation by spray methods[END_REF], structural studies or construction of MS or MS/MS spectral libraries [START_REF] Gabelica | Internal energy and fragmentation of ions produced in electrospray sources[END_REF]. To evaluate the internal energy distribution, the 'thermometer molecules' method has been introduced by Wysocky et al. [START_REF] Wysocky | Internal energy distributions of isolated ions after activation by various methods[END_REF], together with the 'deconvolution method' [START_REF] Vékey | Electron capture induced decomposition of the benzene C6H62+ ion[END_REF] in the 80's. Since 2005, the 'survival yield' method described by De Pauw et al. [START_REF] Gabelica | Internal energy and fragmentation of ions produced in electrospray sources[END_REF] has been extensively employed for the determination of the internal energy distribution for soft ionization techniques [START_REF] Collette | Calibration of the internal energy distribution of ions produced by electrospray[END_REF][START_REF] Collette | Comparison of the internal energy distributions of ions produced by different electrospray sources[END_REF][START_REF] Tu | Internal energy deposition in infrared matrix-assisted laser desorption electrospray ionization with and without the use of ice as a matrix[END_REF][START_REF] Touboul | Ion internal energy distributions validate the charge residue model for small molecule ion formation by spray methods[END_REF][START_REF] Derwa | New basis for a method for the estimation of secondary ion internal energy distribution in "soft" ionisation techniques[END_REF][START_REF] Naban-Maillet | Internal energy distribution in electrospray ionization[END_REF][START_REF] Fu | Internal energy distribution of secondary ions under argon and bismuth cluster bombardments: "Soft" versus "Hard" desorption-ionization process[END_REF]. The benzylpyridinium salts considered as thermometer ions have been usually employed to probe the internal energy distribution using the survival yield method because they exhibit similar mass, structures, degrees of freedom as well as internal energy distribution and calculated dissociation energies are available [START_REF] Touboul | Ion internal energy distributions validate the charge residue model for small molecule ion formation by spray methods[END_REF]. Beside benzylpyridinium salts, some authors have introduced other classes of molecules to extend the validity of the technique such as protonated esters to study the influence of rearrangement reactions and protonated leucine encephalin to study the influence of molecular size by Naban-Maillet et al. [START_REF] Naban-Maillet | Internal energy distribution in electrospray ionization[END_REF], or other biomolecules by Flanigan IV et al. [START_REF] Flanigan | Determination of internal energy distributions of laser electrospray mass spectrometry using thermometer ions and other biomolecules[END_REF]. Understanding the influence of different parameters on the internal energy distribution appears helpful in selecting the suitable setting parameters for each type of analysis. Many articles were dedicated to the comparison of the internal energy distribution generated by different well-recognized soft ionization techniques such as electrospray (ESI) [START_REF] Gabelica | Influence of the capillary temperature and the source pressure on the internal energy distribution of electrosprayed ions[END_REF][START_REF] Touboul | Ion internal energy distributions validate the charge residue model for small molecule ion formation by spray methods[END_REF][START_REF] Naban-Maillet | Internal energy distribution in electrospray ionization[END_REF][START_REF] Harris | Comparison of the internal energy deposition of direct analysis in real time and electrospray ionization time-of-flight mass spectrometry[END_REF], desorption electrospray ionization DESI [START_REF] Nefliu | Internal energy distributions in desorption electrospray ionization (DESI)[END_REF][START_REF] Badu-Tawiah | Non-aqueous spray solvents and solubility effects in desorption electrospray ionization[END_REF], laser ablation electrospray ionization [START_REF] Nemes | Internal energy deposition and ion fragmentation in atmosphericpressure mid-infrared laser ablation electrospray ionization[END_REF], matrix-assisted laser desorption ionization MALDI [START_REF] Tu | Internal energy deposition in infrared matrix-assisted laser desorption electrospray ionization with and without the use of ice as a matrix[END_REF][START_REF] Fu | Internal energy distribution of secondary ions under argon and bismuth cluster bombardments: "Soft" versus "Hard" desorption-ionization process[END_REF][START_REF] Flanigan | Determination of internal energy distributions of laser electrospray mass spectrometry using thermometer ions and other biomolecules[END_REF][START_REF] Nemes | Internal energy deposition and ion fragmentation in atmosphericpressure mid-infrared laser ablation electrospray ionization[END_REF][START_REF] Luo | Internal energy of ions generated by matrix-assisted laser desorption/ionization[END_REF][START_REF] Gabelica | Internal energy build-up in matrix assisted laser desorption/ionization[END_REF], direct analysis in real time DART [START_REF] Harris | Comparison of the internal energy deposition of direct analysis in real time and electrospray ionization time-of-flight mass spectrometry[END_REF], or even fast atom bombardment FAB [START_REF] Derwa | New basis for a method for the estimation of secondary ion internal energy distribution in "soft" ionisation techniques[END_REF][START_REF] De Pauw | Internal energy distribution of ions emitted in secondary ion mass spectrometry[END_REF]. It was shown that the internal energy distribution depends on 1) the minimal energy necessary to release the analytes from its matrix/solution and 2) the collisions of the molecular ion occurring in the source [START_REF] Gabelica | Internal energy and fragmentation of ions produced in electrospray sources[END_REF]. Several instrumental parameters play major role in the distribution of the internal energy such as cone and skimmer voltages [START_REF] Collette | Comparison of the internal energy distributions of ions produced by different electrospray sources[END_REF][START_REF] Touboul | Ion internal energy distributions validate the charge residue model for small molecule ion formation by spray methods[END_REF][START_REF] Voyksner | Investigation of collisional-activation decomposition process and spectra in the transport region of an electrospray single quadrupole mass spectrometer[END_REF], capillary temperature and voltage [START_REF] Gabelica | Influence of the capillary temperature and the source pressure on the internal energy distribution of electrosprayed ions[END_REF], collision energy [START_REF] Touboul | Ion internal energy distributions validate the charge residue model for small molecule ion formation by spray methods[END_REF][START_REF] Naban-Maillet | Internal energy distribution in electrospray ionization[END_REF], the nature [START_REF] Collette | Comparison of the internal energy distributions of ions produced by different electrospray sources[END_REF][START_REF] Douglas | Mechanism of the collision-induced dissociation of polyatomic ions studied by triple quadrupole mass spectrometry[END_REF][START_REF] Schmidt | Influence of pressure in the first pumping stage on analyte desolvation and fragmenation in nano-ESI MS[END_REF] and the pressure [START_REF] Schmidt | Influence of pressure in the first pumping stage on analyte desolvation and fragmenation in nano-ESI MS[END_REF] of the collision gas, gas flow rate and temperature [START_REF] Harris | Comparison of the internal energy deposition of direct analysis in real time and electrospray ionization time-of-flight mass spectrometry[END_REF], but some other parameters did not show any influence as the nebulizing gas pressure and flow rate, the distance between the emitter and the inlet of the mass spectrometer [START_REF] Touboul | Ion internal energy distributions validate the charge residue model for small molecule ion formation by spray methods[END_REF]. Recent researches have paid attention to the sample state which has been shown to strongly affect the internal energy distribution. Flanigan IV and coworkers have demonstrated that analysis of solid samples by laser electrospray mass spectrometry LEMS resulted in more energy deposition into the thermometer ions than liquid samples [START_REF] Flanigan | Determination of internal energy distributions of laser electrospray mass spectrometry using thermometer ions and other biomolecules[END_REF].

In recent years, supercritical fluid chromatography SFC using supercritical CO2 as one of the solvents for the mobile phase has attracted more and more attention [START_REF] West | Current trends in supercritical fluid chromatography[END_REF][START_REF] Liu | The application of supercritical fluid chromatography in food quality and food safety: An overview[END_REF]. This technique is considered as a green analytical technique with various interests such as short analysis times, high efficiency, stability for samples, and safety for users [START_REF] Méjean | Quantification of tocopherols and tocotrienols in soybean oil by supercritical-fluid chromatography coupled to high-resolution mass spectrometry[END_REF][START_REF] Hoang | Annotation and quantification of N-acyl homoserine lactones implied in bacterial quorum sensing by supercritical-fluid chromatography coupled with high-resolution mass spectrometry[END_REF][START_REF] Schulze | A rapid method for quantification of persistent and mobile organic substances in water using supercritical fluid chromatography coupled to high-resolution mass spectrometry[END_REF][START_REF] Akbal | Supercritical fluid chromatography-mass spectrometry using data independent acquisition for the analysis of polar metabolites in human urine[END_REF]. As far as we know, the internal energy distributions of ions formed after this separation method coupled to ESI has never been examined.

The main objective of the present work was to investigate and compare the internal energy distributions of ions generated by SFC and liquid chromatography (LC) coupled with ESI source fitted on a quadrupole time-of-flight QTOF mass spectrometer. Influence of chromatographic parameters, such as composition and flow rate of the mobile phase, and MS source parameters were examined for SFC and LC to enlighten different ionization conditions.

Material and methods

Chemical and reagents

Carbon dioxide (purity 99.7% or greater) was purchased from Air Liquide (Grigny, France). Methanol (HPLC grade) was purchased from J.T. Baker (Center Valley, PA, USA). Absolute ethanol (HPLC isocratic grade) was purchased from Carlo Erba (Val de Reuil, France). 2-propanol (LC-MS grade) was purchased from Fisher Scientific (Illkirch, France).

Benzylpyridinium salts (Table 1) were kindly provided by Prof. D. Rondeau (Université de Bretagne Occidentale, Brest, France) except for the p-cyanobenzylpyridinium salt which was purchased from Otava Chemicals Ltd. (Kyiv, Ukraine). The stock solutions of each salt were separately prepared in MeOH/H2O

(1/1, v/v) at a concentration of 0.2 mg/mL. The solutions were kept at -20 °C. Two mixtures were prepared prior to analyses. The first mixture (Mix-01) consisted of four benzylpyridinium salts including p-OCH3, p-CH3, p-Cl, p-F, and the second one (Mix-02) consisted of p-CN, p-NO2, m-OCH3 and m-CH3.

Analytical conditions 2.2.1. Supercritical fluid chromatography (SFC) analysis

SFC analyses were performed using a 1260 Infinity analytical SFC system (Agilent Technologies, Waldbronn, Germany). This system was composed of a controller module (G1170A), a SFC module (G4301A), a binary pump (G4302A), a degasser (G4225A), an auto sampler (G4303A) which was thermostated (kept at 5 °C by a thermostat G1130B) and equipped with a 1.2 µL injection loop, a thermostatically controlled column compartment (G1316C), a UV-DAD detector (G1315C), a back pressure regulator BPR (G4301A), a make-up isocratic pump (G1310B). The isocratic pump allows to deliver a make-up solvent, generally it is a polar solvent such as alcohol or acetonitrile with or without additive, in the mobile phase after the UV-DAD in order to enhance the solubility of analytes which could be precipitated due to CO2 decompression. In our SFC system, a T-union was placed in front of the BPR in order to split the mobile phase into two fractions, one fraction to BPR and the other one to MS. When coupling with a mass spectrometer, a caloratherm preheater (Sandra Selerity Technologies, Kortrijk, Belgium) set at 60 °C was installed at the entrance of the ion source to avoid the freezing of the mobile phase.

The mobile phase consisted of CO2 (solvent A) and co-solvent (solvent B). The bypass mode, i.e. no use of chromatographic column, was employed. The flow rate was fixed at 1 mL/min and the run time lasted 3 min in isocratic mode. Different SFC conditions were studied such as the percentage and the nature of co-solvent, pressure at back-pressure regulator (BPR). The generic SFC method was set as follows: mobile phase containing 95% CO2 and 5% MeOH with flow rate of 1 mL/min, BPR set at 90 bar and 60 °C.

Liquid chromatography (LC) analysis

LC analyses were carried out on a 1260 Infinity analytical HPLC system (Agilent Technologies, Waldbronn, Germany) equipped with a capillary pump (G1376A), a flexible pump (G7104C), a degasser (G1379), an auto sampler (G7129C) which was thermostated (kept at 5 °C) and a thermostatically controlled column compartment (G7116A). Injection volume was set at 5 µL. The mobile phase consisted of water (solvent A) and methanol (solvent B). The bypass mode was employed. The run time was fixed at 3 min in isocratic mode. LC conditions including the percentage of methanol and the flow rate of the mobile phase were studied. The generic LC method was set as follows: mobile phase containing MeOH/H2O 50:50 (v/v) with flow rate of 0.3 mL/min.

Mass spectrometry (MS) conditions

The SFC and LC systems were coupled with a 6540 quadrupole time-of-flight mass spectrometer (QToF 6540, Agilent Technologies, Massy, France). A conventional electrospray (ESI) source was employed.

After the ESI source, a heated nitrogen flow called drying gas is employed to eliminate the micro-drops of solvents which still present after the ESI source. The ions formed will then enter a capillary covered with platinum at each end, allowing the application of a voltage called Vcap. At the outlet of the capillary, analytes will be subjected to a voltage called fragmentor voltage. Influence of drying gas temperature, the capillary voltage and the fragmentor voltage on the internal energy distribution were studied. Analyses were carried out with following parameters: positive ionization mode, drying gas flow rate 10 L/min, nebulizer pressure 50 psi, skimmer voltage 45 V, and Octopole 1 RF Voltage 750 V. For the generic SFC and LC methods, MS parameters were set as follow: drying gas temperature 350 °C, Vcap 3500 V, fragmentor 160 V. Full-scan mode was employed in a range of m/z 50-1700 at 2 GHz, giving a mass resolution higher than 25 000 at m/z 922. Calibration solution containing two internal reference compounds, purine C5H4N4 m/z 121.0509 and hexakis (1H, 1H, 3H-tetrafluoropentoxy) phoshazene HP-921 C18H18O6N3P3F24 m/z 922.0098, was continuously introduced resulting in mass accuracy below 5 ppm. Recorded data were analyzed with MassHunter Workstation B.08.00. The OriginPro 2015 (OriginLab Corporation, Northampton, MA USA) software was used to plot a scatter graph for the experimental data, to fit the sigmoidal curves using Boltzmann function, to differentiate the sigmoidal curves to get the internal energy distributions and to calculate the mean internal energy.

Results and discussion

Determination of the internal energy distribution

The internal energy distributions of thermometer ions were calculated based on the survival yield (SY) method described by Gabelica et al. [START_REF] Gabelica | Fast gas-phase hydrogen/deuterium exchange observed for a DNA G-quadruplex[END_REF]. The SY method assumes that all molecular ions having an internal energy higher than the critical energy (E0) will dissociate into fragment ions, and those having an internal energy lower than E0 will not dissociate and remain intact. The SY of a molecular ion is defined by the following equation:

= M+ M+ + F+
where IM+ is the intensity of the molecular ion and IF+ is the intensity of the fragment ion.

The SY are then plotted as a function of the critical energy E0. Assuming that no molecular ion remains (SY=0) when the critical energy is zero and there is no fragment ion (SY=1) when the critical energy is 4 eV, two data points (E0=0 eV; SY=0 and E0=4 eV; SY=1) are added to the SY curve to approximate low and high critical energy thresholds. The internal energy distribution was then calculated based on the derivative dSY(E)/d(E) [START_REF] Gabelica | Fast gas-phase hydrogen/deuterium exchange observed for a DNA G-quadruplex[END_REF]. The SY(E) curve was first fitted by a sigmoidal curve using a Boltzmann function because the internal energy distribution generated by an electrospray source can be assumed to follow a thermal-like Boltzman distribution [START_REF] Turecek | Temperature effects in mass spectrometry. Estimation of thermal energies of organic molecules[END_REF][START_REF] Drahos | Determination of the thermal energy and its distribution in peptides[END_REF][START_REF] Hoxha | Mechanism of collisional heating in electrospray mass spectrometry: ion trajectory calculations[END_REF].

The internal energy distribution was then obtained by differentiating the sigmoidal curve. Its Gaussianlike shape allows to confirm the previous approximation. For internal energy study, benzylpyridinium salts are widely utilized and considered as thermometer ions [START_REF] Collette | Comparison of the internal energy distributions of ions produced by different electrospray sources[END_REF][START_REF] Derwa | New basis for a method for the estimation of secondary ion internal energy distribution in "soft" ionisation techniques[END_REF][START_REF] De Pauw | Internal energy distribution of ions emitted in secondary ion mass spectrometry[END_REF]. These molecules present a common fragmentation pattern with a cleavage of the C-N bond resulting in a benzyl cation and a pyridine neutral (Figure 1) [START_REF] Touboul | Ion internal energy distributions validate the charge residue model for small molecule ion formation by spray methods[END_REF].

In this study, eight substituted (para-and meta-) benzylpyridinium salts were employed to evaluate the internal energy distributions of ions generated by electrospray after liquid or supercritical fluid chromatography (Table 1). There are many calculation approaches used to detect the critical energy (E0) depending on the level of calculation [START_REF] Gabelica | Internal energy and fragmentation of ions produced in electrospray sources[END_REF][START_REF] Debord | Measuring the internal energies of species emitted from hypervelocity nanoprojectile impacts on surfaces using recalibrated benzylpyridinium probe ions[END_REF]. In this study, we used the values presented by Gabelica et al. [START_REF] Gabelica | Internal energy and fragmentation of ions produced in electrospray sources[END_REF] because their critical energies matched well with experimental survival yields. It is important to note that the obtained energies were not the absolute values of the internal energy because the kinetic shift was not taken into account in our study but it allowed to indicate relative changes related to chromatographic or/and source parameters. The survival yields and the internal energy distributions of benzylpyridinium salts using the generic SFC-MS condition was shown in Figure 2. The R-squared value was 0.9932 indicating that the Boltzmann function fitted well with the data.

Influence of SFC-ESI-MS conditions on the internal energy distributions of thermometer ions

In order to better understand the quantity of energy deposited on thermometer ions during SFC-ESI-MS analysis, different experimental conditions were explored. First, the percentage of co-solvent methanol (MeOH) in the mobile phase was varied from 0 to 40%, that is typical of SFC gradient. No significant difference was observed on the internal energy distribution (Figure 3-a). The influence of the chemical nature of the co-solvent, i.e. MeOH, MeOH with 20 mM of ammonium acetate (AcONH4), mixture of MeOH/EtOH (1/1, v/v), EtOH and IPA, was then studied at fixed value of 5%. The results showed that this parameter did not influence the internal energy distributions of thermometer ions (Figure 3-b). In the SFC employed, the principal constituent of the mobile phase is CO2 (95%) and the mobile phase is always kept in supercritical state. The CO2 is decompressed at the MS entrance leading to rapid evaporation.

Moreover, co-solvents are evaporated easily at the MS entrance when added at 5% in supercritical CO2.

Thus no change in the internal energy of ions was observed when varying the composition of the mobile phase in SFC. The effect of pressure of the back pressure regulator (BPR) was also evaluated at different values, i.e. 90, 110, 130 and 150 bar, leading to no effect on the internal energy distribution (Figure 3-c).

Different flow rates of mobile phase and make-up solvent were studied leading to no influence of these parameters on the survival energy distribution of thermometer ions (Figures 3-d and3-e).

The impact of the MS instrumental parameters, including the drying gas temperature, the fragmentor voltage (Frag) and the capillary voltage (Vcap), was then considered. The drying gas temperature and the fragmentor voltage were found to affect the internal energy distribution whereas the Vcap exhibited no influence (Figures 3-f, 3-g and 3-h). The drying gas temperature allows the desolvation of the charged droplets and/or ions out of the nebulizer. When increasing the temperature, thermal ion activation is occurring. The kinetic energy as well as the velocity of the molecules is greater, conducting to the increase of the internal energy and the decrease of the SY observed in this study. This result is in accordance with previous studies related to ESI [15]. This trend was more pronounced for the fragmentor voltage. This voltage applied between the capillary and the skimmer could induce the ion fragmentation after collisions with the remaining gas at the interface. At a fragmentor voltage of 120 V, all thermometer ions were stable with SY close to 98% except for the most unstable ion, p-OCH3, with SY of 71%. When the fragmentor voltage was increased up to 180 V, almost all precursor ions were fragmented with the SY around 20%, except for p-OCH3, p-CN and p-NO2 with the SY of 4%, 52% and 88%, respectively.

Influence of LC-ESI-MS conditions on the internal energy distribution of thermometer ions

In order to compare the influence of the eluent state (supercritical and liquid) on the internal energy distribution of thermometer ions, the study for LC-ESI-MS was performed on the same mass spectrometer using the same MS conditions as in SFC analyses. The drying gas temperature at 350 °C and the fragmentor voltage at 160 V were selected for the generic method because the SY values were well distributed along the sigmoid fit (Figure 2). The LC mobile phase consisted of water and methanol. The influence of the percentage of methanol in the mobile phase as well as the flow rate were first examined.

No influence was observed on the internal energy distribution (Figure 4) indicating that the internal energy distributions of thermometer ions was independent of the nature and the flow rate of the mobile phase. Three MS parameters previously studied for SFC were also evaluated for LC, i.e. the drying gas temperature, the fragmentor voltage and the capillary voltage. We observed the same influence trend of these MS parameters for LC as for SFC: the drying gas temperature and the fragmentor voltage determined the internal energy distributions of thermometer ions, but the capillary voltage had no significant effect.

Comparison of the internal energy distributions formed after SFC-and LC-ESI-MS

The internal energy distributions of thermometer ions formed by SFC-ESI-MS was compared with that obtained by LC-ESI-MS on the same MS system with the same parameters (Figure 5). The molecule having higher E0 is more stable, implying higher SY.. The order of two meta-substituted salts (m-CH3 and m-OCH3) was inversed between SFC and LC. However, their survival yields were very close in all studied conditions.

The comparison of the survival yield of thermometer ions formed by SFC-and LC-ESI-MS method using the generic condition was introduced in Figure 6. In the case of SFC, the thermometer ion has lower survival yield than that in LC when using the same MS condition. This trend was well observed for p-CH3, p-Cl, p-F, m-CH3, m-OCH3 but was less pronounced for m-OCH3, p-CN and p-NO2. These results suggested that the influence of the chromatographic method on the survival yield was compounddependent.

The comparison of the mean internal energies was shown in Figure 7. For the same analytical conditions, SFC-ESI-MS systemically led to higher mean internal energies than the LC-ESI-MS whatever the MS source parameters. This clearly indicates that SFC-ESI-MS allows to deposit more internal energy into ions in the gas phase than the LC-ESI-MS. The variation of the mean internal energies with the drying gas temperature and the fragmentor voltage were all linear in accordance with the literature [START_REF] Drahos | Determination of the thermal energy and its distribution in peptides[END_REF][START_REF] Vékey | Internal energy effects in mass spectrometry[END_REF][START_REF] Schneider | Collision-induced dissociation of ions within the orifice-skimmer region of an electrospray mass spectrometer[END_REF].

Furthermore, the curves of the internal energy distributions for SFC and LC using the same MS parameters (Figure 8) were very close implying that the ion formation mechanism was similar, known as the charge evaporation model [START_REF] Touboul | Ion internal energy distributions validate the charge residue model for small molecule ion formation by spray methods[END_REF][START_REF] Dole | Molecular beams of macroions[END_REF]. The CO2 in SFC has been described to enhance the ESI nebulizing process by promoting the desolvation of the analytes [START_REF] Akbal | Hyphenation of packed column supercritical fluid chromatography with mass spectrometry: where are we and what are the remaining challenges?[END_REF]. Consequently, a rapid desolvation leads to colder ions and a softer ionization process. However, the experimental data in this study was not in accordance with this hypothesis because the SYs of thermometer ions obtained by SFC-ESI-MS were all lower than that obtained by LC-ESI-MS. There are two hypotheses which could explain this observation.

The first one concerns rapid CO2 decompression after the down-stream T-union at the MS inlet. CO2 rapidly evaporates leading to smaller droplets or aggregates as well as smaller droplet surface tension comparing to LC-ESI-MS. All thermal activation at the MS interface will therefore be deposited on the analyte resulting in more fragmentation in SFC than in LC in the same MS conditions. The second one relates the high percentage of CO2 in the nebulizing gaz. In SFC, the transformation from supercritical to atmospheric conditions occuring at the MS inlet has been shown to cause a 450-fold expansion [START_REF] Gabelica | Internal energy and fragmentation of ions produced in electrospray sources[END_REF]. At our analysis conditions, flow rate of the supercritical mobile phase was fixed at 1 mL/min equivalent to about 0.45 L/min after expansion whereas the N2 nebulizing gas was kept at 10 L/min, leading to a percentage of CO2 in nebulizing gas about 5% compared to 100% N2 for LC. It has been showed that the nature of the nebulizing gas influences the internal energy distribution [START_REF] Collette | Calibration of the internal energy distribution of ions produced by electrospray[END_REF][START_REF] Gabelica | Internal energy and fragmentation of ions produced in electrospray sources[END_REF]. Adding CO2 in nebulizing gas could shift the internal energy distribution to higher value in comparison with pure N2 as showed in the study of Collette et al. [START_REF] Collette | Calibration of the internal energy distribution of ions produced by electrospray[END_REF]. This could be explained by the direct relationship between the center of mass energy with the mass of the nebulizing gas [START_REF] Schneider | Collision-induced dissociation of ions within the orifice-skimmer region of an electrospray mass spectrometer[END_REF].

Conclusions

Our study demonstrated that the chromatographic parameters (the nature, the composition, the flow rate of the mobile phase, the pressure of the BPR) played a minor role in the internal energy distribution of the ions after ESI, either in SFC or in LC. The internal energy distribution mainly depended on the drying gas temperature and the fragmentor voltage but it was independent of the capillary voltage. By comparing the internal energy distributions formed by SFC-and LC-ESI-MS, we observed that analysis by SFC resulting from more fragmentation and higher internal energy than LC analysis resulting to a more efficient desolvation process before the entrance of the mass spectrometer. Therefore, when method transfer from SFC-MS to LC-MS, or vice-versa, is performed, MS parameters must be finely tuned to optimize the quantity of intact ions required for high resolution mass spectrometry detection or even for single/multiple reaction monitoring experiments. 
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 1 Figure captionsFig. 1. MS/MS fragmentation pattern of benzylpyridinium cations into the benzylium cation and neutral pyridine.

Fig. 2 .

 2 Fig. 2. (a) Survival yields of the benzylpyridinium ions plotted as a function of their measured critical energies for SFC-ESI-MS using the generic method: Mobile phase was composed of CO2/MeOH 95/5,

Fig. 3 .

 3 Fig. 3. Internal energy distributions of thermometer ions for SFC-ESI-MS in different studied conditions: (a) Influence of the percentage of MeOH as co-solvent in the mobile phase on the internal energy distribution. (b) Influence of the nature of the co-solvent in the mobile phase on the internal energy distribution. (c) Influence of the pressure of the back pressure regulator (BPR) on the internal energy distribution. (d) Influence of the flow rate of the mobile phase on the internal energy distribution. (e) Influence of the flow rate of the make-up solvent on the internal energy distribution. (f) Influence of the drying gas temperature on the internal energy distribution. (g) Influence of the fragmentor voltage on the internal energy distribution. (h) Influence of the capillary voltage on the internal energy distribution. For analyses in (a), (b), (c), (d), (e): Drying gas temperature at 350 °C, voltage of the capillary and of the fragmentor at 3500 V and 160 V respectively. For analyses in (f), (g), (h): Mobile phase was composed of CO2/MeOH 95/5, back-pressure regulator (BPR) at 90 bar and 60 °C.

Fig. 4 .

 4 Fig. 4. Internal energy distributions of thermometer ions for LC-ESI-MS in different studied conditions: (a) Influence of the percentage of MeOH in the mobile phase on the internal energy distribution. (b) Influence of the flow rate of the mobile phase on the internal energy distribution. (c) Influence of the drying gas temperature on the internal energy distribution. (d) Influence of the fragmentor voltage on the internal energy distribution. (e) Influence of the capillary voltage on the internal energy distribution. For analyses in (a), (b): Drying gas temperature at 350 °C, voltage of the capillary and of the fragmentor at 3500 V and 160 V respectively. For analyses in (c), (d), (e): Mobile phase was composed of MeOH/H2O 50/50 v/v, flow rate at 0.3 mL/min.
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 5 Fig. 5. Breakdown curves for the benzylpyridinium ions as a function of the drying gas temperature (SFC-1 and LC-1), the fragmentor voltage (SFC-2 and LC-2) and capillary voltage (SFC-3 and LC-3).

Fig. 6 .

 6 Fig. 6. Comparison of the survival yield of thermometer ions analyzed by SFC-and LC-ESI-MS in the generic method.

Fig. 7 .

 7 Fig. 7. Comparison of the mean survival yield of thermometer ions analyzed by SFC-and LC-ESI-MS in different (a) drying gas temperatures (b) fragmentor voltages and (c) capillary voltages.

Fig. 8 .

 8 Fig.8. Comparison of the internal energy distribution for SFC (red curve) and LC (black curve) using common generic ESI-MS parameters.

  

  

  

  

Table 1 .

 1 The benzylpyridinium ions used for the study of the internal energy distribution.

	Solution R a	m/z (M + ) b m/z (F + ) c E0 (eV) d
		p-OCH3	200.1070	121.0653 1.508
		p-CH3	184.1121	105.0704 1.767
	Mix-01			
		p-Cl	204.0575	125.0158 1.899
		p-F	188.0870	109.0454 1.867
		p-CN	195.0917	116.0500 2.097
	Mix-02	p-NO2	215.0815	136.0399 2.352
		m-CH3	184.1121	105.0704 1.901
		m-OCH3 200.1070	121.0653 1.945

a Substituent group of the benzylpyridinium ions b M + : Molecular ion c F + : Fragment ion d E0 (eV): Critical energy calculated at the semi-empirical Austin Method 1 (AM1)
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