Impact of chemical modifiers on the cluster chemistry during
electrospray ionization
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State of knowledge: Bruker micrOTOF: Bruker esquire 6000 lon TI’CIp Acetonitrile addition leads to the formation of analyte-acetonitrile clusters, observed with
. . . » . , , , , , , , , , , , . the micrOTOF instrument. The clusters are only detected for the triply but not the doubl
We have recently begun to fundamentally investigate phenomena regarding the ESI process Initial experiments were carried out with a time-of-flight instrument equipped with a capillary- With the ion frap instrument no acetonitrile .. . Y Py. . 4
: . e . , , , protonated molecule, resulting in a net shift of the charge state distribution towards the
(i.e., the formatfion of bare profonated molecules). The mulfidisciplinary approach builds on skimmer inlet stage. Substance P was used as a model analyte. clusters were observed, however adding Hioh o rate. Th ectivity of the cluster ¢ i oo lnked to th
literature and our experimental data, which resulted from numerous studies using gas phase AP| acetonitrile to the ion source background igher charge state. € selecivity O € cluster formation mdy be linke O 1he
" . L . 1T i 3+ |
methods. One critical aspect are fransformation processes which ions usually undergo on their s, e [ a— ms s Figure 1a: nanoESI mass spectrum  of gas lead fo better Signal-to-Noise (S/N] Oddl.’rlonol charge available aft Th.e [I\/\.+3!-I] lon. The C|USTerS.CIppeCII' Tc? be verY stable,
passage from the elevated pressure inlet region to the mass analyzer. The electrical fields g Substance P diluted in 50% aqueous atios for the detected ions leading to absence of cluster dissociation and fragmentation even if very high CID
applied in this region easily result in ion activation (e.g. declustering, fragmentation). In contrast, ] acetonitrile with 0.1% formic acid (left); ' potentials are applied in the ion fransfer stage. Surprisingly, also the [M+2H]?* ion does not
mild transfer conditions, i.e. low electric field gradients, may lead to the occurrence of clusters in ] e | b"fkgfro(‘jmd .Tﬂas " T Th”re'l 'Orl‘ Sgurﬁe 800 fragment under CID conditions, even though no clusters are detected. This suggests that
. . . e : ] saturated  wi acetfonitrile leads to o , , .
mass spectra and may unfavorably affect the ion transmission efficiency and thus sensitivity. 5 j = i — l M+nACN cluster formation, but only for Zgg P a stabilizing interaction between [M+2H]%* ions and acetonitrile does take place as well.
1 2 3 A 5 6 7 TR T e T T e e The triply protonated molecule (right) z igg ) Adding methanol to the background gas leads to depletion of the [M+3H]3* signal, while
I I I I 300 o4 000°00 0 the [M+2H]2* is maintained and even amplified. At high mixing ratios protonated water-
. I Figure 1b: NaNOESI mass spectra of e O T3 L W O LA O Mo o (oo fgg o methanol clusters appear in the spectra with high abundance, concealing the analyte
IIII Substance P diluted in 50% aqueous 4] T e L2 MEOR 50000 ; 0 signal. CID leads to declustering and the analyte signal appears again. Again, no
0.1 acetonitrile  with different mixing °] l | | i i 43 00 20 40 60 80 100 120 o L : : :
1000 mbar 1 mbar mbar | 104 mbar 108 mbar ‘atios of methanol added to the  ** T W ST 40000 1 i MCN mixing rafio (% fragmentation is observed, hintfing again at energy disposal into the bath gas
. . 67 674.4041 | 0.16 % MeOH = T1 . . L. . . .
P Transfer e ﬁsf?)kgc;’ggn%gr?ssmgs ’rgfe le?g ;c;trkc):le . | 3 30000 Figure 1d: S/N ratio of the [M+3H]3* ion signal in These observations give some insights on the process?s ’rokmg.ploce. It IS concelvable
y and ’rrlply pl’OTOﬂCﬂ'ed moleculg Xlozl_ﬁ 2015_11_24_000002.d: +MS, 6.4-7.5min #1151-1346 %20000 il dependence of the acetonitrile m]xing ratio that two prOTonOTed groups of Substance P are stabilized by INframolecular hYdrOgen
93 674.4017 | 1.63 % MeOH - . . . . . . . .
In a thermodynamically controlled elevated pressure region the formation of bare gas phase signal (right); the abundance of the % D 2 % added to the background gas bonding, whilst the third charge is not and therefore readily interacts with suitable
lons 1S Uﬂ|i|<6|y, as prOTOHGTed molecules will reCId”y inferact with pOlCII’ substances presenT in the [M+3H]3+ Sign0| decreaqases qs xloql_i e 057 W5 S T O TR T71 10000 % b . Compounds The interaction with methanol results in pro'l'on transfer from Substance P to
background gas for charge stabilization (formation of e.g. protonated analyte-solvent clusters or m?rhonol iTS Od?edd: af Tihgherlmi)(i?g * 4'88%912(:5 O 0 oo ojo ®o15® . rens, ” o oniics sotine: methanol when dissociation is forced, whereas acetonitrile stabilizes the protonated
: At : : : pt : rafios protonated methanol-water o] ,..Iu.l,nh I,.im;t.nm,“.u..l‘MlMI\MMMAM.Mmﬂw,niummm : : : : : ] 44935 : ] ]
protonated dimers). lon G?“V?T'O” wil thmngIy lead fo cluster dissociation, fransterring the clus’rerspore Jotected P A A MeOH mixing ratio [%] a e e group but does not remove the proton. The improvement of the S/N ratio at the ion trap
proton to the compound with higher proton affinity. ; Skimmer 6.0V iINnstrument supports this assumption because proton transfer to contaminants present in
: H : H : i Octopole 1 DC 1.7V . . .
In ESI, particularly upon formation of m.ul’nply charged (i.e. protonated) |on.s ’rh‘e same rules e, T B T e TS5 - Octopole 2 DC 0.5V the sefup may be prevented when a protecting reagent is present in large excess.
should apply. In an elevated pressure region protonated groups of e.g. a protein will seek means x10% | 339:2002 - Octopole RF Amplitude  150.0 Vpp O fon is why th it st 5 4 with the TOF but not h
of charge stabilization via intra- or infermolecular interactions. Lo. | [(MeOH]+{H,O)+H]" Figure 1c: Mass spectrum showing series’ of solvent N -~ B , ne oper.w duestion b why The ace on.| IS CIUSIETS dre ObseIve WI, ,e - .no ©
| | - | | | [(M&OH) +(H,0),+H]* clusters; 4.9% methanol added to the background gas; : Fran Drive o ion trap instrument. It may be possible that the clusters are dissociated during the
Protonated basic groups which are not stabilized by inframolecular hydrogen bonding will be ] - at higher MeOH mixing ratios the distribution is shifted : 8 % acetonitrile tfrapping process. However, adjustment of the transfer potentials and reduction of the
solvated by one or more solvent molecules. The solvent molecules may have been retained in 0.6 «— [(MeOH)+(H,O)3+H] to hiaher numbers of MeOH-molecules O b ) , , ,
the transition from droplet to gas phase or acquired later from the solvent vapor present in the o 9 FOM DS e e e e frap drive to almost the lowest value possible did not lead to detection of the clusters.
atmospheric pressure region of the ES ion source.” - 0197869 Figure 1e: No MeCN clusters were detected Another explanation may tied to in the inlet stage of the instruments. Even though the ion
—R. E. Cole, Hectrospray lonization Mass Spectrometry, p. 58 - with the ion frap instrument, even at very mild trap is also equipped with a capillary-skimmer assembly the geometry and dimensions
: . : - : 0.0 L transfer and trapping settings , ,
Upon cluster dissociation by ion activation, the charge should be transferred to the more affine 200 300 400 500 600 700 800 900  miz differ from the TOF instrument.
compound. It may thus be still attached to the analyte or distributed into the gas matrix.
o ® ®
Supercharging: micrOTOF - in source CID Pressure dependency Ovutlook
High charge states are beneficial for electron transfer dissociation MS/MS experiments, which _ E—————— o . . .
makes targeted shifts of the charge state distribution (supercharging) an important feature for asl o Figure 2a: Mass specira of Substance The formation of clusters may result from changes of the gas expansion intfo the first vacuum stage of the = Validation — experiments  with — another mlcrOTCT)IE
e.g. proteomics applications. . l e T;’{/d(lfrl;eg)en’rsg)n \S/Otjcrgifgr')t)qpnogeggglf/' micrOTOF MS, which would have an impact of the upstream transmission. Therefore the pressure was varied Isnes’rTSFJ)mem and the original Captivespray nanoBooster
Supercharging can be achieved by addition of reagents to the analyte solution or by saturating acks | T TS (bottom); minute activation leads to Ee’;ween ’ri.8 .oln? 41 .rbor ?/I odn:;’rry;r;’r of jrhe pgmpln? cspflgl’rsy of the (;o;ghfl'ng? E.ump. T.hi 9d|s’roni\e = Characterization of the expansion into the first vacuum
the background gas in the ion source. One such agent is acetonitrile, as demonstrated in the I 674.1598 fragmentation of the riply © w.eer; © |nse TiOpl orzr/. = ﬁgg Iv\_ " g.m, w;r'wf?rf |c1mede;h ° _k' > mm) oTr; ° e ;mmer;)s T.dmm. i stage and impact on the cluster inferactions :
commercial Bruker CaptiveSpray nanoBooster ™ device. 1 l osgass S0 pro’rono’req molecule (m/z 499.8), seen in |gur§ a ? position of the Mac .|sc shifts .owar. s the s @mer as the pressure rc?ps, ut does ng . sygfemgnp mveghgghong of the |nf|uence of chemical
: , , , , . . xlo%_ ‘ T s e Erneearr] | SITONg  activation results in complg’re reach the skimmer tip. If clusters are formed in the adiabatic expansion, they should appear in mass spectra if and physical properties on cluster inferactions
This contribution dfeols with the impact .Of such reagents or chem/.cal mod/f/el.'s added to the - 6851455 LOSS of [M+3H]" and poor overall ion the skimmer samples upstream of the Mach disk, which is not the case. Additionally, ion acceleration in this
background gas of a nano-elecirospray ion source on the detected ion population. 1 i oses I ’ ransmission region due to electric fields should lead to declustering, which is not achieved for analyte-acetonitrile clusters at Lof f
o ao s o oo eo 10 ma high acetonitrile mixing ratfios above approximately 4 %, in contrast tfo protonated solvent clusters. At iTferarure

M efh o d s ”105, ole- 0t 00 g 02 EMEI  Figure 2b: Mass spectra of Substance acetonitrile mixing ratios below 4 % both dissociation of the analyte-acetonitrile clusters and fragmentation of 11 R. R. Ogorzalek Loo, R. Lakshmanan, J. Loo, What Profein
3 103037 P at different CID potentials, 15 V the analyte was observed. Increasing the pressure resulted in higher stability of the ions, probably because of - NP9 ol . L '
¥ l 674.2925 (top), 50 V (enter) and 300 V Charging (and Supercharging) Reveal about the
5 .. | . Pl . - lower energy uptake due to a smaller mean free path. Mechani ¢ Floct onizat 1AM S M
Experimental Setu . e R (ootffom), - with - 5.9 % acetonitrile Nevertheless, increasing the background pressure to the maximum value e o o o e AT 5B R
P P ] e added to the background gas leads . ' J 9 Pre: . specitrom. 25, 1675-1693, 2014
acetonitrile as a chemical modifier for supercharging and improved response. A e TS T T I TS S AR T clus’rers.. Inc;reosmg the .CID pg’ren’nal 2.7 |, Xy = 0.67 Dy (Po/P;)2 the intensities of the clustered and unclustered analyte signal was Fundamentals, Instrumentation, and Applications, Wiley-
6 - rseams results in higher signal intensities, no _52 X"x observed even at highest acetonitrile mixing ratios (cf. Figure 3b). Interscience, John Wiley & Sons, Inc. 1997
MS: Bruker micrOTOF, esquire 6000 lon Trap, (Bruker Daltonics, Bremen, Germany) * l 674.2867 fragmentation is observed £ < X o ' S
21 £.2.4 X -
lon Source: custom nano EleCTrOSprOy lon (ﬂES') Source [3]' sprayer held at 1.2-2 kv' 15 MM 0400' - '416' - }5‘6(‘)' T ss0 | 600 650 l '768' s Z2.3 xxxxx Intens. 2016_05_24_000001.d: +MS, 13.1-13.8min #783-825 [3] M T-hlm%JS, Nele Harimann, T.. Ben’rer, n.ESI and C/A:fCI
nano spray tip (PicoTip™ ,New Objective). In source CID: Variation of the capillary o —— : 2.2 X% x a0e- B Figure 3b: Mass spectra of Gpp”ci’f’ons of a confrolled ion acfivafion stage (*ion
exit/skimmer DC potential 107 Figure 2c: Mass spectra of Substance 2.1 . p1 = 3.6 mbar Substance P obtained aot tunnel”), Proceedings of the 63th ASMS Conference on Mass
. " g o 2 P at different CID potentials, 15 V 2'027 20 a7 4o 4 o different background Spectrometry and Allied Topics, St. Louis, MO, USA, 2015
Gas Supply:  Nitrogen 5.0 (Messer Industriegase GmbH, Germany). 025 oa3e2 | (tOp), 65 V (center) and 300 V | | ' | | ] Y, N ressures in the inlet stage
Qi%%; 2016 _04 28 000002.d: +MS, 2.2-3.5min #132-209 (boﬂ'om) with 3.3 % methanol added Background pressure p; [mbar] 0.2 k 477.2137 p g ’
All gas flows are controlled by mass flow controllers (MKS Instruments, Germany), Lo y ' ' , , . , 0 N A background gas saturated
mixing ratios of chemical modifiers are determined by their respective saturation KRN fo fhe background gas; increasing Figure 3a: Calculated distance . G A ' itri ACknOWIed em enf
9 . y Pec °-5§| | | 471'|381°| _» | the CID potential results in decrease x,, between the inlet capillary ] PR T mear || WITh Gcetonitrile g
vapc?r pre.ssur.e and the gas floyv directed through a liquid reservoir, the total gas e bbb detia W0 of the MeOH-H,O cluster abundance, it and the Mach dise as a N . . .
flow is maintained at 800 ml/min °- L function of the background ) .. Financial support is gratefully acknowledged:
Chemicals:  Acetonitrile, Methanol, Water, Formic Acid and Substance P were purchased from 2] 1326 L pressure in the first vacuum S N N 477i135 e = Bruker Daltonics, Bremen, Germany
Sigma Aldrich, Germany, and used without further purification a0 450 500 550 600 650 mz STOge oo s, = Deutscher Akademischer Austauschdienst (DAAD)




