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Introduction Experimental Results Mechanism
Currently, ther.e _'S .no comprehensive model .Of the Cluster formation via analyte solution only Cluster formation via chemical modifier
electrospray ionization process that explains all nanoElectrospray nESI mass spectra of primary amines diluted in 50 % Addition of ACN to the gas phase ;
experimental observations. New developments, as for aqueous acetonitrile solution with 0.1 % formic acid enhances the formation of [A+nH]" (solv)
example the Bruker nanoBooster™ technology, strongly analyte chemical show [M(ACN)H]* as most abundant signal. [M(ACN),H]*, shown for n-hexylamine. o
suggest that cluster chemistry is playing an important role solution modifier The relative abundance of the m=MACN
in ESI, as it does in virtually all API techniques. observed species MH", ' addition 1o ACN contain
. . . n addition to containin
In the interface region between the ion source and the [M(ACN)H]* and [M(ACN),H]* | . dduct i 5
N is depicted for n-butylamine. Similar Clusters the MeOH adduct is
analyzer of an APl mass spectrometer the combination of . . — — detected when MeOH is added o
. . . . . _ observations were made with == [MH(ACN))+ = [MH(ACN) I+ ctected when VieUH 15 adae charge stripping /
strong electrical fields (leading to high effective ion — N , =1 [MH(ACN)2]+ = mHaN2+ 1o the gas phase .
, , O aniline and n-hexylamine. gas P - conservation model
temperatures), the presence of a variety of reactive = A: analyte
compounds, and sufficiently high collision rates implies - )
that pthe i ari enerate::l ioi soulation ”withinpthe S Mixed clusters: chemical modifier and supercharger S: solvent / supercharger
, p” , v & POP , , t £ -~ nESI mass spectra of substance P (SP) show doubly and triply protonated species. Experimental investigations with [A+I’7H]”+(50,v) (chemical modifiers)
ion source” will be affected when traveling through this ranster . . L . .
) _ . " different analyte solution and gas phase compositions, respectively, reveal the extent of change in the average
chemical reactor” [1]. Capiiiary > charge state distribution. Depending on the present compounds, various cluster species are observed. In contrast to Sy
Supercharging the primary amines shown above, the ACN adduct [SP(ACN]3* is generated to a certain extent only if ACN is added S(g)
The formation of highly charged ions (e.g. protonated as a chemical modifier to the gas phase. Thus, gaseous ACN increases the average charge state. In contrast, MeOH
proteins) is crucial for MS/MS experiments as it improves = — ACN:H,0 —————7 [ MeOH:H,0 as chemical modifier strongly depletes
the efficiency of selective fragmentation methods. Many 'g — 1% DMSO — 1% DMS0 [SP(ACN]3* in favor of the doubly [A+(x-1)S+nH]”+
studies have shown that certain  substances — m— (sPl3+ protonated species. This significant shift in
] [SP(MeOH)]3+ P
(superchargers) increase the average charge state of = (r(ACN) 3 the charge state ratio is prevented by J [
: : . I [SP(DMSO)13+ i .
multiply charged ions when added either to the analyte B [SP(ACN)2]3+ ?ﬁd't'on of DM‘ZO to thetanaly;te solution.
. . B [SP(DMSO)(ACN)I3+ e pronounced generation o
solution or the background gas of the ion source (the [SP(DMSO)(MeOH) 13+ n+
: ¥ ; : . .( Z § — 1PN 'SP(DMSO), ]3* clusters conserves the [A'l'XS"'nH]
latter species are also referred to as chemical modifiers). < < . .
. . . = X o == [sP2+ nigher charged species. These effects are
o e + —_
Experimental ot?servatlc?ns suggest that there is a more _g == smeomizt o roely unaffected by the composition of
ig:eneral mec.harllsm.be.hmd.those two. apprﬂoaches tow?rd’s’ ; - T == sPOMsoN2: | the analyte solution (agueous ACN vs
supercharging”. Within this mechanism, “supercharging = g < vote that the oxidzedand  Ml@OH). However, MeOH as solvent [A+(x+1)S+nH]“+
is not the addition of charges, but rather the result of X E e " decreases the absolute signal intensities. [S+H]*
charge-conservation [2]. /7 "\
Heterogeneous processes N/ Mixed chemical modifiers s -
PO : 1| MeOH addition into
Heterogeneous prc?cesses, .e.g., at I|qu.|d 5a> |nterfac§s Simultaneous addition of gaseous ACN and MeOH in varying mixing ratios reveals the 51| the ion source
(droplet surface) will most likely play an important role in competitive situation regarding the charged species and charge state distribution, 10]
the ESI processes. The importance of considering solid : : : : 5
-IO . P | g - respectively. It is found that the f':\mount of ACN presgnt determl.nes the ratio between =l o A+(x—1)S+(n l)H](” 1)+ A+xS+nH]”+
surface interactions came recently into focus upon the o the unclustered and clustered triply protonated species, almost independently of the YO L
introduction of “inlet” ionization [3]. Thus, the choice of Collision QE MeOH mixing ratio. The latter strongly affects the ratio between triply and doubly 4 MeOH addition into
inlet stages for APl MS (e.g. transfer capillary, nozzle) may “free” = protonated species. Changing the reaction time by choosing a different entry port for 4| thecapillary S,
become an important parameter for instrument operation region the modifier (cf. left figure, source region) strongly impacts on the ion chemistry: 2 [S+H]* S [S+H]+ S
as well. These processes however are not taken into Adding only MeQH via the capillary gntranc-e leads to cIuster formation with the doubly - l "™
consideration in the present contribution. as well as the triply protonated species, which were otherwise never detected before. 00 40 S0 S0 600 6% 700 mr
= Intxeln55_ [SRI*"  [sP+ACNP* AU =15V || Declustering and fragmentation >1'2
Methods I T o o priousor g CID in the transfer stage leads to z O; [A+(n_2)H](n'2)+ [A+(n 1)H](” -1)+ A+n H]”"‘
I c - \ . . g —s
13 h declustering and fragmentation of the S D
. . 2 ad ~— | triply protonated ion, the small increase = 8- fragments
MS: micrOTOF, amazon Speed ETD, esquire 6000 (all Bruker ‘ T 8 1.0—2 AU 365 V — [SQ of the doubly protonated ion signal may gzj A 2+g dCh?rg_e ‘ > Charge.
Daltonics, Bremen, Germany) Vv 05 | l be attributed to charge loss during the 0 epletion conservation
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lon Source: custom nano Electrospray lon (nESI) Source [2]; o0 Febdrmsietabossorlellorepidmnd - forced declustering process of [SPI** AU(CapillaryExit-Skimmerd) / V| dmmmmmmmb AU (Skimmer2-Hexapole2) / V

Bruker CaptiveSpray nanoBooster™ (Bruker Daltonics,
Bremen, Germany)
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Gas Supply: Nitrogen 5.0 (Messer Industriegase GmbH, Germany).
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