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iChaptier 1
| ntroducti on

The field ofi acta s ciarad as capfe csateusdeyt er s i sy st ems
t he g rbeeyt weereena b sial nkd nsagtachrhittanlm.Assy sathe msx ampl e, r h
cl usstoenrt ai nda3.¢ apommes exhi bit superparamagnet:.
magnetic and atomic rhodi umgfTase tHhathatl usntagm
can display drastrebhbhtyvdghéebbabemaptiopeptares
i's onedrdfvitnlge f actor s .IMeh iepntaennoacsiautsetcebrn o € b g g n |
test styos x p Infglrieen t e r & cctoivoanl se nt-c cavnadi & mndanf f e c t

physi cophemantal g2ometry

Var itoyupeefcsl u satreer sst pdoeiddde omot kee i hsfargdarh ¢ it @n
mol ecul ar regime to theAdulhk easaanadpheed ophas
clusters are off{pbdmaset ttdheeppd abpt it tve p gapér ttihes
i nf | ufernocne ss ol vemadn defrf elcitgsh vacstumbicloindetreas
internfdlihias eseasoni nigoticiachy ibreg eixd reincietdh s st er s
to distinguish the intrin°Hoaejvanm ich ennoits ttroy sfa
alslit udi es of cphuasserdre atsd hmeng 8 s1e ft fheedtesa.se of
solvent,t céysbers difise émd an p rionvsiidydhhosh atnigre s
proper tsuemsgleadf tihen condenprad@hase and the gas

Ear |l y sgausdeneuask by b @l mudnteiegpesn eér at ed t hrough s
j expanlisni 01n9.80s, Y. T. L e e nafnrda rceodw esapkeecytsrbao eonfd e d
ionic cpructenast e@ed hydrodém oamgd wathenre sslemgteer
Thsechni gag thet mol ecwiah Bosmafli mbeeeste o
t o dtetecabsor pti on vofadii sdso.&lifvditti ho a chiea tdieovre | o p m
more advancedulchds ears dyRs tferfiesBE Ed ) e cntfrroanr elda sneurl st

photon di(dRdAPiDgt iaocnt i on spectroscopmorel | ows
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strongly bound species such as covalently bo
in sucteswibdmin | R acti on!'®%Tpheecster at efconrn oil 0 1y |

devel opment all ows for further work in study

I n thilaimhesidaxdmirreent clusters to elucidate
within a clpéysesi compamilssalanp reoxpaemptliee,s . how do
the cdampgegition or isgfercangenternyt ait mp &le obr eohuagvhi o u r
i nvest isgeavteirodnf eorfent CbBbescséegsasystemgain a deep
in thidenmntheg,artdhesi s describes an exploration
mass spectrometry, ion mobility spectrometry
model Eruesgedw t o gain a deeper understanding of

Chapter 2 descreitthensd gtdthhea pr3éeSrdaaetc huamt ur e of
anal ytendaprpébelibgataemda!|l ysi ngehbéabmdgmentps ecur
i omsithgndem mass spectrometry techniques suc
(CI'BYHowever, this informatidat arsmoihneet uladmway
geometspeci al |l ytihe ¢ as@getwlhkcerudshted e ha b ipit ®n
conforhByiomspling mass spectrometry with ior
additional icoimpt make imem@as pAa ekdelye heoodb | oyed i n th
reseairrcfhr darsed mul ti pl e p haocttoino nd isspstodiNRa@ si coonp y(
spectroscopy is a type ofhanf may esthieaidoys edpéo
vi braspedt@minad hence geomigtarsi cphmtsrewscT eirss)

i nfor maniubrad fiva br at i onatl orf i dige® rammagl ayit &bksi n g
particul ardlyaruascetfeurli zfi mrg spediesesi nhphaitsharei a
spectrom@et,gyg oanPo® aelnspol oy i srp ensa bricdneeptarrya tteo

I oni c psrpieocri etso mass spechandmeti mi ¢ oeBlmasluaEtes T, |
collision cr oasss asne catdidansi oonGadSsmean of2'd®&ter mi
Tomid in the experipmerntadlieolmeatsruo reomelng tst att ane
are cohdu@tredi ct cluster geometric structur

pat hwawisn@ the compl exity aonfd tthhee snyesetde mtso sl
2



computati onal aca& uv arcaye rtapnudto detfifo nca le nnceytstoones ar
casiets,was necessaocrnyf dromdtirecnal mpeéarychuaktegorit

potential ameriggesmpgfiacme respondi sgructoaaedi d

Chaptderschnbesvedai gat peaagd oplouloyri nated prop
L dsThese mo | e caud leasfsb elnyng onmentmdrancdnt ami

| yfl uor oal kylalssuob sktnaonwre sa s( PFABRs®Eeci €h eai €

O T 9

mmon i nigwr evdaireinotuss i ndustrial , c?fuer dioal ,

~—+

Cc

0

0

héiswk t bngdeé¢r mment ahlu mammp ahcetesitehmrnegg ul at ed by
overning bo?%i&bsncwoonmiltdawiitd ewi t hr etglue ait mtomesd d ©tr i
hain PFAS, short chain PFAS and Molrueoorvoeert,her
egradbhongnchain PFAS often results(swmch he f
s -pad fplouloyri nated) pfvdapcbnichheamccds i nfor mat.
nal ymeitchaoldqgsu aot i fi cat BbY Ay pirealllayc ki sitgodt cha
ol yfluoroal ky| carboxyhia acl ds m PIFI€CABILH d o |
MRM)t hee soci at ed c artbhoex yd aartlea minam npraondduced f
2€0n this study, | RMPD is utilizemndtwe di st

bserved fumaegmerctt &tdisourc hb eahsa viioorgneanidios B F@ff F CO

—

epending on theaddgleeatf ofCloonpruit had ti Foamaatl o msa p
f rtehaect i onl epaadtihmga ytso t h ¢ a fildo sneFi dsfo rc oatfbukE € @ d
ain furthekri nientsiicgsh tantdo fthheegmedy aa mbas of

Q O o O O ™ T 9 22 a O «

| €Chap4atelmceur i oscshk cdis@t ed and potasasseat@éidedr i a
wi th IsRMPcDt recliclogwhiengf i rst synthesis of ferroc
signifiwanst def todraattiowmpramsd characterizing
compl3&xlens .t he case of cyaxdmmpleansechsd,uehylr e Cdep
on t he natur;e omdi ntghn€wtodnpil elRra® nt ai n relati
el ectroposiitriavien| gled, pa@igcs (whereash kComnditeg s t
contpiblnoc k el ements 3PRBr ehviiphulsy scouvdateesnt by K e

demonstrated that t he-bkeinmeceinreg ceartarony cofcla sgae
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binding ener gywathearn caatp btna Sidri@uens $ § gawe o n a
trend of | dmemzm@misedigng energy with increasin
Feat heetst adrduat edmbi ned computati onal and
spectroscopy st u@pl" ©H#2-4) cheempel 4&Txh esphioow e[diNae h a t

c o mpelsexxhii mivter s e gaomkwihe@mseshe sodi um cations &
above andplband e G étnhiteh e . Thewereofmpub#epri mar.i
bounde EC ul oimbtier acalhasrngsd uced di pawhebhatedract.i
onmnhneegl i gi ble IR spectral shliifgtasredosi,l t @& b uwé
mi nper t ur badpnor .ettdynt het eresting open questior
gaphase aromatic organometallic complexes is
woul d hrleesiufl tt he sy mmemoiye tsgyf (tBher e@pced by su
heteroatoms such as nitrodWornulidn smuilcdc ea osfubtsh
signi fiimpact!| ¢l ust er ,gepimedirat hmmdlowit mthti d n g nyd

c ha-t ganisnfteer alcdnti @t now Ddepeoesgiulelse? ons und
i nvest itghaet isoondioaft ed and potrasgziodti de i alnwbd tlgrs -
We show that theseexhiulsitterisnwemidne nsamdaobwiholk e
observed fof NEpiFc husHoewesvuesr, as walsN@@pserved
"cl ust wes aclmandr mweat i on bandtsr i @z o |hiednedp eclcatt i anego $
a stammayr monic coupling i norstihgeni ¥ ii-fchaatt @ ©t wer C

transiti ofnr @m otbleébiMiikryoni ¢ ground state.

| nhacptwe iSnvesmphaexes of perfluorimiaited dod
with protonat edN(d@HMNNNEN A R Redirad 0,gellba@teead bor at e

agesnaeeest itrh@aysey ditsaumse;r welnkwe meacoms e as dd

(@]

hasepl i dea.ttg.onnesut r on capt #PeEbuteneexrhgiybi ¢t osrtargoel

©

nexpected interactiond$owheniaimpshdelaX:BidXn nBt he

c

H, Hadlicagsirmemp k| y coor di nad mmagn canmipma@ssd StOo
and #MBOcausel eadteriansdidensich gishsedir Aacdoobnt he
cafeHdweinehephas e,F14ehreiwdBriso und sttor don gmdyt awi t h
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cat ipornost,otnzaly ke @ mia hcerthse x af | uor g pywelm meaxandne t hro
el ectrostataind imcepaeni %4 emé ca |l whrokisdi cigmon s
thatifyBprone to proton transftehatandar haulmse qu
destabidliiané onhand result i n .*&E xcpaesrcianteen toafl | oyh e
empl oyed mas s Spect riooet mMmysbp etcrtaryoenteltirnyg (wrawil e
di fferenti al mo b i laintdy | sRpdePct a m med eeortpr{ dBsM80 ptyh et
structures anBiFidpcompl thas cefont ai Al e@xniclrieea s i
di ami naoalak anrse i ncl udinn gt hsey sdieammsi nwhaed rkeane ac:

protonated tether B%tween two dianion cages

Ulti mht el yhett blsd malsh apsh aisoen si aam d ussawthesrr e i n

subt | y gdeiofnfeetrreinct st r uc tnuarsess sapreec tprroonbgetarnyu sci onugp
mobil ity sp&MPBsTpoenctettrioys cooipayet s th os3wy btthlaet di f f er e
i n fluorisdatainman ipcaatitleyr n nfl uence gas phase di
we descHiibgeh fhfoew temic@zsolimdemesomepracts cluster
and stabil i twe rlenw e@ahnabptthdarée r 8nces i n the | eng
i nteractings)i gamliKylcaghlayni mpact s the ther moc
geomeCtorll.ecti vely, tbei gniwlbbirkantepstesgnhhewar ds

i nterrelation bet wehepnh ycsliucsotcehre nsitcraulc tpurroepse ratnide



iChaptier 2
Met hods
2 . Elxperi ment al Met hods

Mul tmetl heeordes e d t o pr o bpeh aasned i sotraimcy acgh pukset ebresi,n g
the use of mass spectarnemedrrdy-cmakag en/)zpdkefc ba @ me
gaphase cluster, giving information about th
phase elnreandbdieti on, tandem mass spectrometry
structure of the target clustmas svi @apamnt rmor et
al ocnaennot gi ve pdeerftian intsihvgeu txcbl atfeheds tde f f er ent i at
I somenr & phaga&s eannsdd mhulce ur al i nf or malthiussn, omMe un|
cacnoupl e t asmpdeecnh rnoansest ry techniques with ortho
mobility and | Rheose epelogosalopyechni ques ¢ca
i nt g htyls@a cochemi cal properties -pliaddeen aegmnkelt &

I n this chapter, details regarding the exper

2.1El ectrospray |l onizati on

El ectrospray i otneiczhantiogoumeo nIEYS|I ) sed tao gener a
atmosphericmpsesspeatnbdfSR rsi.or thal ks are
di ssol vedpoisaod vemltat islueh as met hanol, aceton
t hami ssi bl e*Sothhiwgt mcxtdsr ®r bases are added
angle nepradt oonchd perdo taonnaaltyetogse ci es t hat are compl €
cat foR%Ssample schemawi Biegtr EISPcHiosws t hat t he
proaoceans be thought of as a circuit containin
anal yte ioppfumpleai ctcehr ough atvohatgewp iccaaphiglgl ar vy
bet wétenk\2 at mar ¢ iomiglrotOe MLl - Mdbns within the s
wi | | move under the influence ofcrelagctnrgi ¢ f

enrichment of chargeredt h e PstHnee @nrt ctrheea sseudr fcaocnec e
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of charged particles at the surface forms a
droplets upon reaching the “hhiresdsioiltda fopr @y e
of charged droplets with the®%sfatmeer ptoneardhar
droplets are dispersed from the Tayl or cone,

nebul i zingzograsHes uacth haisghN t emper a’ttu’es for t he
Mul tiple models exist for ionwgéhefatusnoaf
i on evaporation model as i t8 P®BIPémoiren rev aeparna
mo d el describes the ejection of smal.l sol vat

causedCdwl dmtei ¢ repul sion between thieomharges
reaching the Raylwhidgde rseamblidiitey flarmog of t he
surface is greater than,tthhee dsruorpfld@otlesu muenndsei rogno
expl 6®i gener atseo |svreanlt! ecrl uisotner s amantheddeyapor
Whenhhe 1ions have escaped farguni tkd $so0l MWeiret n
spectrometeel ectaradeowintlert he opposite polar

-ve
Coulomb
explosion

ooy
oO
O

Taylor Cone

Power Supply

FigurExampéekeoogmaying positively charged i on:
vi aelaemct r os pr(aEySli)o.nsidzbhaetcieoonnisn taog et lpa i Maegds spec
by both gas fCouw omidi cetst rf a coam & dhter cdbau.nt er



After generating the | cohsg®ndd ntde memalowst epé c
of the ESIVamiixotusr eacti vati on met hodsstare use
promot e tahditesascsttcihi @nt per esiunrtsoo rs maol n®®Wry fsit aigime mtgs .
the relationship between the smaller fragme
structural differences and | ocalized modi fi c:
This is ustambagetiecei b(g.,g heanonshne mtdruacp n g

fragmentcatlilarsiwina (@i tghN a@amv)pahet 6 dgdes.oxc.bgti on

absor prteisoonn aonft phot ons

2127 Col Il i sion I nduced Dissociati on
Collision induced dissociation (C€hR)t icana t
aid in struca uwiade arnaan gges pdafa famaaleywtt @ < afl drugs

and p)o&¢Tehién Pr ocess begins by passing the tar
cell containing an 0AertAsotoli i  nogsasosacuh,
of the analytaniangydieas®si ani o0 h e gfvwhhel ecshh orl eds u st s
in a uni mol eddbwr ede sugspucadblDyi aaha nlseiasstt oofne col
with Bnetbhe MOOGENent éerxrcdlt ati on cause@d by tt
i ni tvii alrlapgn omaathuirteh an B etrlae t o rode rtpironfeo rp itcoo s e
statdsstcabution atcessi by e a®dTuhaen brueadlibsttarti ebsu.t i
vi brational energy among all the internal mo
t he weakbemtngbamd.t hi s enerrggl ateidinslt v dilbduetgeo n p
t howsieah r el ati vel yatloamsgeu infuembrear eoft i me and ene
than do sm&% |1 molecul es

213il nfrared Multiple Photon Dissoci at

One camnalbec® dissociati ovon plodt oadi s(@pgent iamn
photoexcitation féahl ewathpbg df spdrctstiaspadtrofa gss s
t hesiinsf riasr ed mul ti pl e phloRMPWD das ttelchtat gam i & |

uséed measure the vibrational fingervpkaRnt of
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photon absorption. drheegivwinbrand omwah caffiinagaelr pg
mol eanutéheeni que settoé&nsi br anhs o w6hOHOEO Oadefofr i n  t
the electromi®Oeei caspprcobem hese transition:
efficiency as a wauvnecntuinobne ro.f Tphrucsh e tlhaes esrpect r ¢
| R absor pti oaan ddireo spsh ost eocdti iscsro ctihaet | @amM&MFEDa .ci en
spectroscopy is a formyoibeadti onsspeygtaowtcdep
mol ecul ar thust drec,hnagde haar goeeteend eanpd oy B U a
proteomics, l i pi domi'é&Wh e m odd uicetteadb @ h © enimc sw.i t
comput aitmoh,atli RMBD s piescta opawqoryf utlhet oeolluci dat
i onic st MReMPWDr esspecona presented in this thes
El ectron Lasers for | nf radRraedd oeuXdp eJrnii mearrtss t(yFk E |

Net herl ands.

For the | RMPD spectroscopy axhpRee melndcst ders cl
(FEL) 1 s ugémke dod Pahroyi snocsh ermdt itdhe main compon
t heFEIRSshewRi gar.Ap 2. Redm of iesl egcetnremrmasted de cliyr o n
guanids acctbekanetdic endridpidesV ibne ftolren reannt eea |
unduliat®eors o@cknovabl e magnet pot BhatAish aavhee aellteecrt
begmssestther amglul at or, thesi aldaesnatuisog d@ah g be
pathgenescaher ent viphddtadgintohni n( t he FEL aopgthiec al
synchrotrfPofitheefWwewel ength of the photons can
magneti c fkienelt iaanfde ritdhreeg.ye IF@BEELISRspeci fical ly f
FELI X beanmlsisne,n usualslpye cotcrcaul r isB Goovgeerxfotfle &6 6

t he el e cetxsitahne buenadmhbdeatmo ri ,s @b eraenc teeoddipieo phot ons
are redi egptedmsdtadei.,goad mass sApdedc ttrieconmeat! esrd)
of free elecarenaliablkaedky 2i€ms



Cavity

|
Accelerator Mirrors l l l l
m_/ N\ N\ TN Photon beam

Electron Beam
Electron gun Dump
l J

Undulators

)

Figur&chRemati c of t hlea bFoELaRaoprhyph e nB EvA ra¥ t dhener
synchrotrfomommi ssi®wi ggli ngo el ectron beam

Toacquihree | RMPOEis@i nbtthe siisoenes generated by E
volt a-elavisdd Bemper at ur @ ypfi c4ad3 rk,t éWicthhn 4av @kt ys e
with expeThemvmentoinése!l d i n poBi uk ®em oAmatareasp
specterrombi chaempdwysencyi 80 @pdcofalt4@708ng k Hz
antdhegrceol edapproxi mat elvy ar cwowrh | ti esnmpoarBaatr wwcroe | i
pressure of helwem.thka t r atpuneadbt leedmesu & phl ttXh e
| asvéethh e r anig3e6 000l é6nA erne s o nanvti bwiatth aoensailt i on

t heEe xci tiesnst hteo a hi gher ev.i0% L )Tohn asl eexnce rtgeyd
Vi br asttiaotmeapg loe 9t h€eonégunasimd vi br.aniowmalsebat @
statesul tairregdi s o felmetrvgya a kmowresas i ntramol
vi brational energy redistri butsi-ecdne ii(theMdRhe Wh
absorbi,emambdeg admsowtripdri ophotfon df’'THies s ame
process enabl es r epeatnadnlea bisoonrdopst ii onnt ecafn all R emhe
di ssoci at aoidt tfhrréédmeordtedp | et i on of the parent i
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fragmeweéeei onosi tored by the mass spectrometer
Fi gurper o2v.i3d es oaf stchheemaMR cprocess, indicating
a thermodynamic dissoci aNoba thatesh&M&Di $ s ma
mul ti ple photon processphortactnh;aphvestzheasns vee |l ¢ d rsc
beltolwe -pthwd omasiseowdlat ad0Ywlirtens otnbaeri negi boat i onal

anhar mona cdittyuat i onf oorh ahti g hse re xvaicberr abtait cenda | l ev

A r 3
=
E— =3
g [ | (D
2 E— E
oo
Td [ | -
= =3
.S v o
i -
= E— e
o IR
RS <
>
v
O = state of molecule Photon Absorbance

Figur®e2.lI3WR process. A photon excODhe®ommt he vi
tamxcist dnd=e)Energy transferexoitdedse thtae halss an ke
whil e maintaining the RepabdtéedtkERnNnabsenptgygn
|l VRai ses the internal desepbpgyabionhehiesnhalnd |
fragment s.

At FELI Xp h otthoenes| Rr o dluoc eQls immatch @apu b seasagener at
frequeln0c yHzo.f Thecmasri epulo$ e&p sp uniscer otprud isre so ft |
sepabwut gdnespr oduced Eatc hl ni@édts )oapnu |éshiet 098 o f
The | RMPD gperebsgptlmdtittiend r ag me ntoaft itohne eafnfail cyiteen
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as a funcwaevenwimberEL The f r,aghnaretf anicea asf f i
| ogarithmic ratio between(Ot he anndt etnhse ttyo toal |
i ntehsetsyumpotecahdofragment{'Oi on})i,ntaesnsdeas cersi b

equation 2.1

O |1 50
B O 0 (2
21471 on mobil ity
lon mobility spiesctaombtomaddaiSgpdi of nen e mp

conjumwcthomass btpestip@mamat egs end btoihe st hteh rou g h
gaseous environmefdbheperi avatr é6 aM$ruad anlloydSi se mp | o
the same undédrml yiiomgosp rmalcii lpiltey i n ,anamdert g
determi méecglrdpei t mas dntdhachpleyedt PiForf iexladnpl e,
idr-it Ube (RBX)pelrViSoennst sare pellksetdthantoomer ai bhaff
ga(susuNebt yHend acrlosie ewhdi cvhola ag.e Thaenpe li esc tarpi
field pushest hrhoeu gan atl hyet eb ufofner gast,ubaentdh t he i
arrival timeddpehndiroenstpicnstisirdghBrifidas-So hamp

equatigoamt i)des@r R2bes the raeml ahoonbbsKhdmpdt Eet we er
collisbentcoWuade6s, |l ow electric fiePW¥ condit
AfMlLequat i,mpindet@2ss of thet  htearmaess amfaliydtee buf f e
zrefers to thei £htalrg ee lod me kiglte airisy rtghhea rBgoel ,t zanmadn n
mul tiplied by t hMNr efeemrpse rtaad utrhee nFu mbadTrlhyed ensi t

CCS of an analyte is the orientatiabnéafly ave
gapsarti cbmse lvattalw @ BeyxClCeSr i ence mor e col l i sions
the mobthanypowseh!| r emaCdvkeilrgehsiuth t d edenodbad e t y

and | ongefrodrtihhe ItRAhmesmnsitmaciess wh(eoare itswob a rsso)r

12



are present i n a gthbsenpah d seer eonfs etnmbel et woof iisoonnse,
DF MS kkeffdahe | aobgqer .

VIW.t. p p . GQ.0p

pe a a  Qynp (2.
214 .iTravelling Wave | on Mobility Spec
| 6 hap,weermpltroayv ewdvaegi on mobility spectrometr

the moddiontcl ust etriseb Bidiita rdodhiMSi, DAl MSecan be
use d dted e rC€iSrseal t hough isrett loifs cad d érread uiorne dno | ¢
Fi glrsdghoavss c he maWli MSewfiTbae T WI MS ael do fd tsa anlkaa e
rimdg ect romd egaurirdaen g e d I n sequence with opposi
consecutThiesnplienmgesna daitalolasy ooen&mefi@&enti ve poter
wefOn t opceconff i ning peréeesi af, direct current v
i ons t hr efuighl etdh ¢i cognad sgaub dwee a certain mobility
single wave through the TW MS cell, whereas
experience both forwamdedpdlInsge DE€CAS et e ewav eff C
forward in the TWI MS cellexpdaritéhmeaif g evair @s f 3
t heaehe r ev,erasigsrifoipeelld e dft thder it fhte ceexlilt. oThus, mobi
i n TWIdWSi viesnv éblyo ctihtei es of t lee eicd mtshcraoduigiehh etyh es |
collisioms cef | oel antotibarkkdintgyer t o travdrhsaen t he
hi gh mobid*®the smeetcidersi ft veduwadr guiiitcha MMWOMS i & o
wher eas t he dr i-IfMS vsed aolcdéiMyd rye pbe@TBus e wave
characteri s, TiWt MSamaen i tpwn aalilee i ons i ntos | ong p
withmajtor signal hogh eI tlageneed for
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Stacked ring ion guides

&

T-Wave direction

v

I

I

I

I
Figur8cReradTiVd M&Sf cel |l . The | arge kRIeetriongs
i on guide thatTheohbhfaols|l ithese posgahestttrtae eil na g
wave electric field. The purple circle repre

(Panél The i ons introducPainogn Tibnet oditfhfedwrTedl. dVES icre
mobi tauyges (peripobne gteor | ag i n posi t(iroéegnd)c.ompar e
(Panégl TBe iosepanet édéyyex.it the drift cell

Becauseex pieornisence a c¢han®Wh BtSegtlheec tMaacshoanmp el d i
rel atieqesat ipon(d®ke mnot tholsd &% Fiod d omée mtg t he
recommendat i oents®3bloy dGeatbeerl micree t he CCS,ofa an al
cal i br amuditg ecnuernvaet kemdo wn tChCadtseh been vdiékFer mi ned
| MBieasur dme gten.esr€aCtSe ctahle br ati-bMECGr vas ueshef
each | eoretdaolfitthreat i on st andareedasl uerqaebgd a.rowne r2t. 3d
HerGi she redwderce madsd er gasyashadnok srgbe ahat g
of the analyte.

5 & gy O OV
00 3 (2.

The ®@@%ues are then plaégtitveeda qabgyd ii)rowshti @d 4fi N ct
det eedbiyubt racti ng t he stqgouhaa reg émiwdoit ebpylf t hlee ma
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consdfamthe arrth.Vhe tocmst artpendent oot Hehe vol
transfer optics.

i

(0] (0} (JL)E (2
With thi,s we ealdtmeint a r el at i arsshhoiwe qfuaart i tome ¢
2.5n undetermi medi s i meedffeebccotumtt ieo®ramstyisy :

ti me for i mpAamwe thnfd csc upraar cayme wfeu n wtfi d rh e
066Y 00 0 (2.
214 .1Di f ferenti al l on Mobility Spectro
Di f f eriegmobaill i ty spdcetrrr@dé&ttrbylosdS, FAdaIs, be

usedeparate reoegif oir snemsnsapmée s ahal’WFios

the SCIEX Selexion sysdd&: calbldl mbesphéiscrpses
antdhe vacuum of t Hoer inpaosssietditoetch e oemeit erisf t he
usedr eactag r ifdrowgasn which the .awal paeapl bebr ar
el ectrpdesamoaei t her si dd | ofwatakhe sacsayrmRileetrr i gca s
wavefroefmer rtelitbeetp@arads i oni sobhpepl bl SeVC)t r dthe s
wavefisr m siumu dc 8 s tthhaitr d nef 4athief ip@mdvead | s

t hi raddso-wi £ sBiegur).de? adfs etond near dependence of
on the eleasreghfbeltddi ffer-ant -fmoeblid ictoinedsi tuino
Il nn ai nert een.yg2MNo A mennditehy(e -fli ew d |li iome mp et dateur e
equil i bradfest e déerarti er -fged.d Ab dmeef fteltehieV @ w
temperatareasum of t hatt hef ttehhmg ea arnawircas | iegrahsi ¢ aorhc
causedieeppypl i ed eEgeuwatriiare §2 retifluieale ¢di drredoebnit! i t y

KE/ )N tHherei amd ph@E/)Ni o atthees-fvi, mb 8 i,Kopas a functi ol
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ot he reduced el e&€t?)Ni wiEkselt thestet ecgt Niceoff i el d

the number densi?ty of the carrier gas.
L — U0 p | - (2.6)

To increase separation ofsolovhesnti nmotdhd i BMS
i ntroduced to the cadarorri eerxatngp | ien c rseogmse® tcsoarpreorna
modi fiers such as | soogprogtyilc anhocdoihfoil e eosre smec hh ae
introducmdl at igetle &nh e®8ctatrer iiemt rgoadsu.ct i on of t
changes the dynamic clustering bhehRhavidher amfalt
can interact with the modifiers t halairgdie stro
di pol e iammdrhaycdricogiesn b o hait & gn o 1 tne casm spituldr leeer 11 t r
envirohmenstrenigasiol s €ntt henteraction for any
approxi mated by the magnitude of the odii pol e 1
sol cemutst etrr igeessoneapa@mn tvent i nteractions Acan i nf
simple example of this can be Sfemi Mg otmtha @Eur
nitrogen enwiorl armepnrtotwict modi fi ers such as w
al cohol weakl v sclympseaeB icnlgust eri ngobahawepoot |
modi fi ereaomehoas aaet srnirtwinigh ¢ g pes Bhh t\&ad iemr. a

i s f osuhnodw ttoh e we abkeehsatv icoluurs twehriilneg having a | ar
i sopropyl whil cbhdlkatidhntshter amhaeg ni tmuiadye nooft tah ewadyisp
the dominant i ntedaccttieadn nignifbse hsalva wosugt. h e t he
the microsolvati on vpearrstunse ra nfootrh ear tdaerpgeentd sa naan
number orolseochwleenstt e onto the anmigtesolthwat ga
cluster, and the strength of the intermol ecu
the targé&he adabygt mil ar sctlruasntselraitneg ibne htalve oun

behaviours that @eamnpketueesdotfotdleudiadgted ana
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]
o © To Detector

Analytes

I
SV cv
0 0
Atmosphere

Pressure

Time Time

Fi gur.e&c e nda faiDiMiSc e IR€)dTh epat h  of the analyte wi
correction tBIl pldheapgm! iodd ft el amian g ttehe applic
appr o@Vvtioaotret bet rapecstoeeyn@antdhe transmission a

As can bFe gsudemdai.nf er ent i al nmoibgahh d t-fyioebled we e n
porsoifont he DMS waveform cauxesegyahefir omst he mr
of the mass speagroameiemgy i hr angciltg trreeneldMS t ¢
ion path, a DrCe fsearartedccotpme seshdtimé ni sy od g mlgiee d CV
t he el.ecTthreedSsys sary woootot ¢ dire tt me@amdesamhesssni 6osn  a X |
di fferenti ah mebetaty the CV requirednés® cor
m/,et s -dfeipeelnd enthe C@8&gni tude of the SV, and the

cel ,Lted mperature, pressure, gas composition).

DMS instruments can be opernaaipadsu )iC¥mnerof (t
scanoyi fulBy sxeatnt i ng tbhept SMalbndalC¥es of or tra
anal yte,ofbnientcteeq@ats (moliteeaasw c Imoddt her 1 ons

17



from a compll texr mMmaatoinkeeaxlxyanhhe SV andi)whan et he C
moni topamtgimat barcr eat e (a&re eigabld,gvhan ADMS
measurement t haatT WIsSMSH oSl adbgTo u sy atlo t hmehdésstcasé
t hourgaht,her t haep areanpiegprat ati on iBy 9patitalngi mt
optiCWwabrtransmisssai ofnun ¢ moideo nd dSevn edias gasr si on
curvehéoron DMSteaevglweemeht ,isocnasn tnyopdecal | 'y ad
ot hrcoemmiobehav,r etiesr Bgsét, o Bags alkd gGC6Bg s@dype A
behaviisouassocgdtartieeng ewiatcht i dyrsa nfi-sce Uisoddhuyst er i ng

b e ha ybi eotusteheen aanmddhoed lel g ssEhdsne h a V iesiubri gmobi | ity

at Hi1ehd comparedadd tcoo mldogign aonse aaxigra@Nswet h

i ncreSasongorrect .limnc dTytareaest dreibes oouat ed wi t
Ohard sphered6 . Yodert et hpgiedbred aaldi paiminagangte | ower
hifgheld t-haaldtc(thastvekel nleyt i cgab&a®mdiys oir e@lsy
posiC\VMawee required t o acdrer eScvt iMinpa efarskeisfavooue
i ntermedi at e Itno tThyipeerse gAs iathed iChcr easingly nega
with incgleialeé npy Bedc Asjotmec alupdmatr wheamdce s,

i ncreasingly pod(ltiikwe .THVise a@emaveigaudidryei associ
wi t Bl awiaeklnyaimistw | vé nuts factrow gSV, vayma@&misd er i ng
and-cbesteriamgthecurons exper idempeea dteme deaitli Ina
cool i mvfhten SVs atrlee tipaenrdhieagit e so much heating
cannot oda dleofwideulrd npgor t i orFuaft htere dwedvwaadl sr mn t
and theories on the DWMBdrkoiX'b®’°2f ound in refe
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2. CQomput ati onal Met hods

Tointerpdata tbletai ned by I on nmeoabsi uri,etnye na s d
computmodehhing using el sathoascdensutiyuf anmi
(DFd@8)e oftenFoeqguodedul ajpphalsest enud ti pl eheogt
may exi st swinuhliena stelb#8Pb@&bns equelnRMPAD spectra o
mobi | imayy edparteas ent a convolTultacsman vadliegendl tciapnl e
someti ohé S ebebayngd emdpari son wihtebmpdvtormbr akampheé,
speotffr e ometi my z eésd me Ma s € pivdeernt arfeyaisnognabl e mat
bet ween expericmenti nampd r eddedoimtifiiodne mpet e ch pr ope

such as bonednedepgs s met at cfooat rtuheet uraesget anal yt e

To study any anadrd et pimpaultsiaynietner @i t B¢ evi & h
structures for cahdishantadayruee etshTehne semaeat ed g wi t
algorithms sucllemasi fOOREBAS$ shi@mIined me potenti al
sur £%RE.ST out pwatrsesr treukbe Bk eetsii veenprnuenregd based o
geomet ri camtdhnei |laorwetsgtn dd (MearpgeysiallOl yst r aailcreéeur e s)
optimized using hi.ghexsenpewteahe tDbFoTd mea iheo desv a i |
software such as 'OREtAheamerGau sssaméi@speci al l
i mportant, el ectsmay TClhuenke® gy ectoauhpcl uelda eécilounst er
of the@C8D(AdNt) htolhungahy ibner acti cspecdwisnd arget he
need tocoalretlaat en-efifectabh phecsraomthin t he
CCSD(atlp maiarsed | ocal pair niast uavadi loarbbhigt ailn mM2R
be able to address fhibhsgt limidtitliloncamnrisesnea es
c 05 . BY°i efmmasroifesmdcht he above menmebhamde compu

provided in the following sections.
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2. aCREST

The CREST algorithm is an iterative confor
Pracht , Bohltee, gemer@riemmesiiopnegea coypyhammer si mul
t hatcoaipd ed wi t h moMEckad lcaurt dthievaadi.g¢sr i t-hm uses
measnqu-deei ati on ( RMSyDn a nbiacs eadl greriat bani sheliT D9 f
coll ective variableepamdemne poneceamtofal attiagdgt d
potenti al energy surf akwer ttlee raviesTcDaimgo eieteh gy
arperovi ded 1h1Mefeireheestruct uhMTsD,arwhrigcenner at
sorted by thecal cel aGé@eDpa#wimgi escal |l met hed
case that a new mi ndiumu nm gs ttrhudch suer aere aviss-s tf rowantdu
i nt ratdouctehe al gorithm as a new hspearrftarnnge dp oo nn
t hseilxowest ener giydemwtoiftf@aymes as ratnade xt ensi vel y s a
| osalrroundings on the potenti al energy surf a
and meotsa bavhedbtan energy, the rotational con

Cart ERIMSaDn bet ween the conformati ons.

For rtesemerctfhor med in this thesis, t he CREST
semémpi Eix¢ @IndeBli nTdiignhgg pr olg'f aCma psde kaanglke W5s,t e r
geomet ri es barReE Sgle md rgaotrd d h Aax TuBsd nkgel ynwhoerudi GEN@ d y
ot ri azol i(de sclrundatepaedy,esrnimael ¢ f |l ag i s used speci
nooovailretngr bet weens the deprotonatedwithanol i d

t hcel ust @8hs s eknehyamcaredse nt i fdiclaft e oentoffcamfnor mat i

covalently bowhredtetemmpl eaegement of the i1 ons
i mporFtoantt.hi,s ametehdd psoi dal potenti al IS used
bias potenti al that mayekeadfterdeesbtchngttibe

CREST algorithm, the remaining geometries ar
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2.d2D2nsity Functional Theory

Density Functi onsal usldaeur yc afebhfehfo)dr cal cul at
el ectr ona mtdheerrenrogciheesmi ¢ afl odent e p anothieasy,Ir aacntdu r e s
wi abcur acy niphaarta bilse t o h ieg WERrl TIRéerevsed est opf e rt thwerolr
theory of ;EMB2'PpWdr eavderr, DFT tchams gceadaopinmasnic e
rel atowecymputahi o napeedsinstcfreatiec hef spati al |
pendent el ectr on nde nsiliduya brrveertf uenrc t nlodam et ha s i
ofm OETIined by Kdhtn eddeaenStoyni ger sal densi t

e
de
f o
described as the approximation of-nulcé eaumma
n
h
0

teraction energy, Coul omb enéMgdgifianatidmr e
eesneereggnd i nclusion oidchdastdamairndebmec Si or

rrelcav e nspplwentenddRdau mmdt.i onal s

The Minn2Xo{-BIZMBGnNnct i onuade @hhaapttweare Shfoxsreni t s
accuwhey tsiempliegf|l uorldedi®ganf 5 pdost easccha vervaecdy
f dori ndi nyg ceanlecrwgl talh & wtn swoecgounprui thagt X penrhived s of
thgomas the dispersion is implicanwiyhawaudowmt e
explicit empil ni @aatdo ¢ 0 btnee2 XiVi@mhc. tyiioentadls r el at i v
accurate vhar mbnouom | prseple cowthie ocens e f u & s sfiogrni ng

vi brati oneaxlp emoidmeesn tianl | RMPD spectr a.

InChapsgdearnsiwe enpdl by Modi fi ed Beicgel & 7memermta
WB9 7X3f)unctwiidrmaldampith’g®F e ndca mpinngsédntcoi modek
t he -séabgeth aviadu s paefnstieorm cdivrageeer ngul ari ties fo
di stances betweeaumatiomg enmfdediobsabdfe el ectron ¢
di stances. This method was found to be one o
a compas00s0 nd atfampwt ind @Diufsfikdige nmet’A@Hapt er
5, wB@e7-IX3BJ approach iipserd vednsleec athsaen D3 dam,

thermochemical probl emsr atnhgaet caorrerséd%afi®liosni veef fte
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i's trueikfdodri atndiamgheBsats twiedChapbémn t hesd h®yst ems
negative charge ademntiet pur $ aded o att ahteieatnaagle . r e
foChaptidar 8 avail abldatarmatsltee i ochem

't shoul dt Ibbea sniasts esde tit matr epr es eanlts d hpel ay o m cl
rol e i n DFalc ccuwlzcennyd mp uoopntnigmi zed geomeéitfrni es anc
gener al , i f the target analyte is a protonat
defTZVPP b&a%tihd ssdts. to account for the change
after protonation. For an ,anothbnasZavddPiDEf used
should be used to account for wdweethhceecd X tornas
el edtdffsamesual ly relatively weakly boAd compa

2.3 NuddgEl astic Band

The NduEdlgaes t i ¢ Band ( NEB) met hod tiodloan i mp
determining(TG§&omiet NedNsEsBBea tiedent i fy TSs i n th
pat swtwyfe deprotonated fd euroirsicnta toveed @mmpd. eiro 8i ¢
NEBwa f i r st described fwgndHenkpl mament ed i n t
comput at *tohrad ofmaNEB c alsc utloa tdieotnesr mi ne t he mi
path ( MEP) connectengr odvoctl ozmd me@&otnmant(gdo
potenti al energy surface. F o ra tenaianhi nmpuom nwti tahl c
respect to all o ratt moag<d nmeulm dail roengt itohnes , mibnuitmu m
Foll owing the definition in todrmei tMEPn shtoautl e
be the energy bairyetheN&B i seanramneirtatonmge op
thqaéenenagesasctivoda pat Bti zed intermediate str
as 1 mages) betnkeanMualhtei pplweo approaches can be
i nigueads reaction pathFoboet we@amyp ludaen i we mi mie:
i nter pol @aritoensoivpanmh dewveen pairs of atoms in t
structur e, whil e matching the distanees betyv

sqguare sense. The inteemgdwatd t negbBEBebenagt
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the component of the atomic forces that ar e
(estimated from the tangent to the path at ec:
fixedThi s all ows for parallelizati on of t he

computation can be distributed to different

Fotrhe researftcihi s epploesiesl, i mh el Se nmert hy dwad isg hutsee
determine the transition sdanc tgheeo meltirmi fatri c
frdmuoropropi Gma pgt)arcH &rs a(lsleeenertdgy wleinghtteyd o
i magesgahreound the energy maxi mum on -tShe MEP.
cal cul aat-ONbENB(@!l. i mbi ngal mavgiethh olnooser convergen
conducfTaéeClitN&Bc ulH aad iiothns e ner grye snpaexcitmitzoe do nwei tdhe
freedom along the direction of the tangent,

ot her degrees of freedom. After finding the 1
used as a gueBXDpsti mueaai enf asiag the tangen
ei genvé@attorpkoulod | owed. As thesdamngecur a&tsd |
approximation to the saddl eehpgithindeo nt hdealp@adr
to determine tithe hter aiEsPi ti on st ate o
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iChaptier 3
FIl uorinated Propionic Aci d

Chapter 3 was published in the Fbourreal oofi g
publ i caltde,n,A.s ek ; Feat herstone, J. ; Martens
Fl uorinated Propi:onPaz Alciidg Mmangm&retdat i on F
Deprotonated. SpPdhyises CROMRALLS5 (1), i3BIX.9
https://doi.org/10. 1021/ acs.jpclett. 3c03400

3. 11 ntroducti on

Peand polyfluoroal kyl substances (PFAS) ha:
recent year s due to their wi despread usage
heal?f{ Fh®e¢ s emadhen chemicals, which have some or
their carbon chains replaced with fluorine a
to degradati on. Consequentl vy, PFAS rhave fou
commerci al , and househol d product s, rangin
cookw¥8®Be. mounting evidence raises seefmus qu
consequences of -PRABnePpASusechl|l asg perfluor
(PFOS) and perfluorooctanoic acid (PFOA) are
indusatreis®wi fting their focus to short chain

Legacy PFAS such as PFOS and PFOA have been
and pr operch aersa catfder weeelelt , t he PFAS class of ¢

than 9000 members, and characteri za%?%n of
Mor eover, common degithdani °PFABetolioedsn ofeslubdbmbg
shorter chain species for which chemical i nf

met hods alf®0If acpkeirntg.nence to-phhsese Btadmentsat

behavi ouxchaif nammpderpol yfl uoroal kyl carboxylic
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https://doi.org/10.1021/acs.jpclett.3c03400

PFCAs are detected via mass spectrometric mt
produced fblolseswifm@gmCO®Ohe depricdcfbnattdagmeernat
behaviour is wel/l documented for carboxyl at e
have been thoroughly invelStHogatved , f dtheai mpa
fluorinatipmase thagnearst ati on behaviour of

under st ood.

Here we investigate the fragmentation of f
infrared multiple ph*@inadn coil $dssd¢iomt iimduCleRMRID
I n addition ot ot idheprl @ossnod «CfO fl uorine i n PF¢
of accessing additional product channels suc
the formation of the', f whocdf drsmapreo daurcieadn ,b yF
derivatization of carkmoaowni otxaldialsi toym| ypT @R e en
been characterized spectroscopi cavolrykléirrs.an |
Mc Mahen failr st geneviaaed | F&€Oi de ion transfe
thermochemistry in an i oh*2cfhtelyo tdrectne rrmd snerda nac
di ssoci at i DHaosd BBIkadthaptlwhot h, al though signific
typi tFal boGs @aBH29@4 000 H14% - 1%tdi cates colmad BEO a

reasonably stahlaseprdodsotci aft i gamns of PFCAs. Su
to the fluoride transfer mechanism that was

fluoride and-phatser@fcnaiittys gas

32T Met hods

| RMPD spectra were recorded at the*2FELI X f
monofl uoropr ompomanfilcuoa wipd,opiBaonifd uarco @r, op3 0o,
3,3t2t2afluoaopdpoptidd»MNIi,&3 | 20r opropedtmror caci d,
propionic acid were sourced from Oakwood Che
purity. Each sampl e waswapgregp awmiexd uirre at5 @: 500 |

10 OM. l ons were generated using elregctaospr s
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modi fied quadrupole i on trap mass spectromet
of the FELI X I R beam. Foll owing mass selecti
produced via | RMPB5®&drcelgson.heVieWroat i onal S p ¢
generated by recording the precursor fragmen
FEL output.

To compl ement | RMPD experi ments, Cl D exper.i
Scientific LTQ Linear | on Tr amo rso/fsituear apgr d fhieo
acidanond8fl uoroprogi bhuor ar agdiid®ii@oorag@irdb,pi 8n8c
3,2,2 trifluordopidopuoniopr aetiatnri&f 1BAwedrdg p r3q Bi, Br
3,34t 2t2afluoropropionic aci d, and pentafl uo
Enanmine at greater than 95% pOr imeywhhakeand h s a
mi xture at a concentration of 10 OM. l ons w
were mass selected prior to interrogdtion. C
20 eV with a step sizewot hbae¥tkept weer 0 RV

the breakdown curves.

Computati onal i nvestigations were carried o
the MinmeXsotBAXPH0 6f unct i ondlzvwi blatsTiheiess deefv2zel o
theory was selected due to its documented ac

spec¢i®é®We have further supplemented2X/haeugfrequ
cpVTZ | evel of theory, an@GC®bDeétaypwyp VcTaZl dwelveetli o
of theory with the coPfapandiing oamuxiol icampult
along reaction pathways, the nudged el astic

transition states (TSs) associated with proc

hydrogen fYtfibei OBCAHFMpl-TeSnemeteldo NEiBs ut i |l i zec
transition states. I n the case that the clim
optimize to a TS. Further TS optimization ¢

frequenceyeds aancdh veri fied by a frequency cal c

the TSs are required as inputs; structures Wwt
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anion was compl exed with the associ’ated f|I
i nteraction. Al NEB cal cul ations were energ
potential energy surface and geomeéniefi £dc a:
via the NEB method were sIX$d @dtegzi@mtll gvelptofmit
to ensure they were | ocal maxi ma and to acc

reaction coordinate calculations (I RC) are wu

33TResul ts and Discussi on

Traditional mass spect i @rmmetsreyp atreacthinnigg ui esso nhear
whiacdn bebyoteepl i ng to a spectroscopic tech
identifying cdmpyheds WRtHiBRerprints, | RMP |

pur poseplfaogeAggacsas . eiagnplleeh,ows t he experi ment.
spectra of t he tlepratfbonategrod,d,i&-2acid

tetrafluoropropioic acid. Although the geome
acids are small , t laegseirgrmrsiuflitc ammgt Il YYMRPIDf fsepreerttr a
inspectimRettrtad | 3030 has | Ri s3@0ilacmhéeshbesw
di fferent from the | ocati3p-ebfaftlheorso ginmatuhe
1200500Lcmn addition to diviitaRr éntmigatripmgntbe
study the | RMPD spectrum of the individual

efficiency between the isomeric precursor 1io0
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FigBtLtExperi ment al | RMPD specttreat roaff |tuhoer odea prpa
acid and-ttehe a3 )| 3 020propitcenirafdauiod.opfAMpi dn3d c3
signature I R regi-toeat naf readpraongi ¢ Ba cl3R Gri, a2g, B0 rt |
i n bl ue.
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3.31 RMPD spectrum of t htee tdregfrlou corncap reodp

aci d.

The | RMPD spectrum btketdeprooopoptedi d8ni3¢ 3act
Fi gBre&l ong with the computed vibrational s p
vi brational spec-moaofflou ordoepprr-oo iroontfiailt cea@a o3p d p p i20
aciddi f2l, 2or oprop-tonftuarcopr o 8ni3af lakcwo rdg p r3q B
aciatpemt aor opropi oni cApapcd d(Finxg 8MiA6f ovCdmput ad
vi brational spectra empl oy a scaling facto
convelti'®VPD of the various fluorinated der.i
with four product 2ch@)nellesss (df)y HEp,s and)f (I€Ps s
productizdon Adft hE@Q@h it het ypissalolfy CtOhe domi nant
carboxyl ate 1ions, it was observed for only t
derivatives and was t he maj or-t e@trroafulcu ormh aa
pentafl uoro sped-ines f | oobteroiefsiBuoBrgeBiyr 8f Bulo 2o,
3,3t8@t2afluoro species allmzéghi whteld weodant
to be bFCxonducting | RMPD spectroscopy on tt
spectrus owhiFcChO i Bi g ATwehipped diixkgAees with that
by von !'Henl dceonnt rast with the o tnhoenrofflluwaroi naantd
2, R fluoro species exhi bTiatb8tkgp romV iyd eHsF d oswsmmar

the product branching ratios observed for ea
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Tab3leProduct branching rati osmorafelrwerdo pfrod pioo
aci &) mohofl uoropr &pi, edRifcRuaaciopr 0 PFR)o n ik, 3ac3i d
trifluoropropr)oni 3t 8 Riadl 8y 8d8pBoi4d oni3¢g 3a8i @
tetrafl uor opr of)i,onancd apceindt a(f3l,sB80,r30,p2r opi oni ¢ ac

S s e | RMPD Product Branc"hi
Loss Los s Loss HF | For m.2 |
2-F 1 0 N/ A* 0
3-F 0 0 N/ A* 1
2 -F2 1 0 0 0
3, & 3 0 0 0 1
3, 3-Fs2, 0 0.999 0 0.000
3, 3-F43, 0 0. 333 0 0. 666
Fs 0 1 0 0

*The loss of HF + C@from the 2F and 3F derivatives yields a product with'zless than
the lower detection limit of the Bruker Amazon mass spectrometer and so could not be
quantified.

The | RMPD branchianbBls aggest gi weni nneresting
appears that HF elimination onl yb-coacrcbuorns aanhde n
a fluorine atolsardobouAMdnboabhe exception t

el imination was3 , nit2obsfelrwvedo foer it hat i ve. The
i s thagrdduwction is only possi bl ebovehremona f | u
However, the fact t hat the fluoroformate i o0n

derivative and only i2n2eni nafrl gaomaotdeéiliiesat ove
more detailed investigation of the thermody
decomposition reaction is warranted. For the

pat hways at thehBFTelseaVvels of wheaehy,arte di scu
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The | RMPD spectra of the fluorinated propio
associated with the asymmetrdéa Iéit®tAcsh tdfe t
degree of fluorination i nchdeagesmbetoddlsioband
derivativembtiprtohéa7peéntafluoro derivative. V
“"06bending of {tl0éamaddoy@de nadh amign ,moitFi osntsr,etarnd n@
motions are odskO®®ed kd#br@delys on. These vibrat
formally associated with specific functiona
di spl acements of the fluorine atoms. Li ke th

al so exhibit blueishidasi ndhadegroeee!| att ef Iwit & h

“"06U0sci ssoring WOWE hiatt s to | ower wavenumber
fluorination. DFT calcul ations sk@wrobobhpt rer
reduces the vibrational mode force constant

bands for each fluorinated propionic acid de
t hAep pendakALA7.

The | RMPD spectrum f otrettrhaef Ideeorrom t derait vealt i3y, €3
only species that exhi bited appreciable com
could be extracted for each .,e@fl otshsev @ifs dG& i du
formatien. oThELO speEit gB’BmaendlOp | & t dduigm t he
vi brational bands are observed via both pro
bet ween the observed spectra with respect t
associated with displacementy omfortehé nflensri nea
product channel when c¢complaodrsesd cthoanrmels.e SDibmielra
was al so obsertvestdr afolru otrhoe d3e r3i,¥2pt2odecbiuon Wwa :
observed in such minor quantities for this
i ntensities are more tenuous in this case. T
i ndi cate that exciting Yiomr atnitoens | wlsieah pbroixr
carboxyl at e smofi ®nt matpifoonmbd fee ¥€lOor e further t |

computational search for tpeotiuahsbdbhi wasstah
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a transition state geometry¥Queoemblwionmd da pf low
some evidence for this speculative notion.

di scussed bel ow.

To compare with the fragmentation behavioul
decomposition of the fluwaahadod eddnypedpi gat ed a
Tab3d2provides a summary bDlleGlsDiose €8®r £s promog @
via CID than | RMPD.FilgmBr,€@uwe dhyygatstsa oinz eodf t h

vi brational modes corresponding to the movem
of thleanF@h. I n the case of CID, vhdocausenal
the analyte is heated stochastically wvia col

FCOis the dominant product -tcehhamfdluofromprd@p oo
via | RMPDs B@60OY produced t o Taa b82p\orr edbevgerree v
at no collision endCdPpedoens the pomdmanitompr o
ClD breakdown curves are Appan diegudilr®a al |l sp

Them®nof |l uodo fdmuodrad, 20eri vati ves both exhibi

|l oss via CID as was observed:liomsl RMPDR hex derm

fragmentati on @atitHway of drert vat?2y2 in CID ex
CQl oss fr-monofhleuo2 o deri vat-maes wabhr dh olwd tdh
i nstrument and so could not be quantified. T
on the | oss of HF, we expanded owr fusotruwd ya ntdo i
3,2Zrdfluoro derivatives, both of which exhi'l
HF producti on. These resul ts further suppo
predominantly iIimacarbes anfill soggeatedt hat any
of the terminal met hyl group e fbfeeccatuisvee | tyh ec |

competition from the fluoroformate productio

I nter estliirsgltyh,e FIOMMi nant pr odundan ofblsiearvee,d i
di fluo#to, fBudr@#dari &ahdolBe3d8rivatives. Howevel
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pefmtaorinatedpspeacneesgl nidglidnICadss domi nates CI I
behaviour aligns with expectations based on
of 3t2t3a2luoropropionic acid. Considered co
production requi rceag bfolnu arnidn & thiad n ha fg htelre dle gr e
this product chdmmsesl. IEd efcavownr cofstC@cture ca

to explore this behaviour in more detail
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Tab32Pr oduct branching ratios observed foll ow
o f 22. 5maenwo folfu o opr &P i;noodhi ocf | aucoirdo p(r P2, ,0hi ¢ aci
di fl uoropr ofd onrdd¢cfIaucoirdo p(r20.462) onBeg 2d R@iucbr OPrdpi «
acid -FH)3,, 28 R3f3uoropropr)aoni3xt 848 _Riadl 08y 8pBopi or
(3, )2, 23t 8t Ball uor opr o-ps) pnmermiaa o do p r3g PBi, ABn i2c
(5 .
CID Product Branching
Precur s
Loss | Loss, C Loss HF For m.J Fi
2-F 1 N/ A* N/ A* 0
3-F 0 N/ A* N/ A* 1
2 -R2 0.153 0. 846 N/ A* 0
3 -B 0. 003 0. 231 N/ A* 0. 7655
3, F 2 0.0012 0.090 0. 0454+* 0.8622*
3, &K 3 0 0.222 O* * oO.7777*
3, 3-F2, 0 0.999 0.0002 0.00014
3, 3-F3, 0 0. 9814 0.0001 0. 015
Fs 0 1 0 0

*The loss of CQ and the loss of HF + CCirom the 2F and 3F derivatives yields a
product withnvz less than the lower detection limit of the Thermo LTQ mass spectrometer
and so could not be quantified.

**Fragmentm/zfor the loss of C@+ HF is equivalent to then/zof FCQ,'. A Waters
Synapt G2Si was used to verify the fragmentation as the two products differ in exact mass
by 0.02m/z(seeAppendix A figure A17 andA18).
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3.3C@&mpetition zben@uefeonr iFaQ on pat hways.

To investiJdaotrenatti@nF@@chani sm, the nudge el
was used to identify transition states along
fluorinated propionic acid derivatives. | n

membergdt rramsi ti on state formed between the
atom boubdantFadm.tBBfeeshows the teamnistoati ® QO st at e
formation f or t htee tdregfrlou cornaoa t dear i3y, at, 13y, . Il n ge
associ at edprwidiuncti @@ exsGGhHhonccas opy@agwrd C
bonda {)9 and)di FAEXRC® . Rfompared to the equilii

of the i mctaaclt,cpafehandd, Orespectively). Conc
FAAABONnd f or m&iiCldm , md ihetafF paldeenpame t ry and shor
ChiCabond |l ength expected f-foragtnheent f | uTorrainnsa tte

structures and reaction pat hwhApymserfdirxgaA & spe
Al 7A2 9

Fi gu33@ pl ot s t he comput ed di ssociati+ on pat
tetrafluoropropionic acid. DFT calcul ations
pat hways | eading t)oantdhet hfeo el noagt®i roomh t o@rsF @G CO
found to proceed by bacC@Qibernldes sAtdisd samdiaatdi dan
and pressur e, -p@iibnbts ceonrerregeyt,e dz eernoer gy, and el e
di cato.d otslsati sC®avoured. Nosies tthhadr maohdey nf aomince

voured -dioffipbopdmoa@and -BrBfhBwprimnncmast dcases
r By Bf Buoro, the Gibbs foargyl Abpedthae $§bam
mperature and preskose Btheesdhghe sl ofshsa nifsh &

-~ ~ T -
QO o T @ O Q@ S

e domiurcantc hmmace | obser vteedt rfaofrl uCd rDo od e rtihwa t3i
at the conditions in our mass spectromete
t hway | eAids nignd @ee FClOigbes thaeshbéedCO
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Tab33@rovides

a

compari son

barrierprtoduE€®Oon for all

the preferred

hi
hi
fl

gher degr eeis, eotfetfr afolru omrad iaamd (pentafl uoro
gh barripeonsliutce i PQQO thusddatviooam, ngndc€Ot hat |

uorination yield

di ssoci ati on

obhpth@ductoimpmut @md t

species studied. I

pat hway align wit

C

<

pet aduoveili gnl oMowaveregrsher

exceptions t emotnhoifd utor en-thrnidt hehoeB303 ,d2e, r2i vati ves

i n

behaviour was

not

observed

di cat gprtohdautctC®@n i s stronoqlof | Uavourdedi vat i

n | RMPD experi me

i n this regazsldo sbse ccahuasnen etlh ewaCGO bel ow our | owe|
t he -t3r, i2f I2uor o

Cl D, but calcul ations
di screpancy bet wereyn
experimental conditions, or

computati onal

deri vative, and

y i

one can exert

derodacti ven

S ome contr ol

tetrafl uoro derivative Vvi a

chemical dynami cs

resonant

wWe&€® the predominan
sug@geotduat isoni.ghWh eptrhe

fexperheneents peadi ¢ hreios due

a combination of

r espurlotdsu citn doinc aitse ftatvaotturr @@Il uf oorro
that this behaviour is obser:

el daoRBOanchi noga r2atli)o. offhis further suppo

over the -uni mol €

|l R photoe

associated wi t h t-h e | RMF

tetrafl uoropropionic acid would ceirg astnddy .be
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Fi g uik.e(A) Computed transiftoironprotdatcd f gemmdt rR(
depr ot onatt etdr a3f, 13y, 03r,o2B)y o Ciompiu¢ edcidd ssdéci ati on
depr ot on atteetdr a3f,13u,03r,2pr opi oni ¢c acid. (Black tr
(red tracepoirett atoveecteed energy, and (bl ue
Cal cul ations wlke eM@/6anwgpgyd Ze tl ea | of theory wi
energy calcul-@eCebD( W HATFLPNO
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Tab8*Calculated threshobadsd fBf€COrp rbedpured ti cmma t oef
monofl uoropropiFoni e Bf Buiodop(B8pi eFi,c Bai, @ (

trifluoropropiFgni c3r8diBduorn(B8pr2q2iFni c3-, 8¢ i2d 2 (

tetrafl uoroproqird oni3¢ 8aBafll (Br,Bpr2og®4) oniamdaci C

pentafluorops) opiCahical ati dn¢ Fwea X/ acpgvdidct ed a
f th

l evel o] eory with singl eCQSoD(nTty fpeilegdr.gy c al
Endres are givetherkdemobtonated fluorinate
computational rdpplensli xAB pabheded in

CQl os s FCOHOTS FCHOPr oduct
Precur
DEe | e DEzpe DGA DEe | & DEZ[fDe DG&A | DEei ¢ DEzpe DGA
3-F 190 159 116 177 162 15933. 18. -24.
3 R 198 181 139 142 126 122 47. 35. -12.

3,432 216 203 159 235 221 21867. 55. 48.

3,& 3 176 160 114 156 142 135 10€& 97. 45.

3,3-F2, 170 158 111 226 213 205 118 108 54.
3,3-F3, 185 171 128 186 173 168 15C 140 89.

Fs 161 150 102 250 238 218 194 186 130

3.3C8mpetiti HAF khetdivedsOmat i on pat hways

The NEB al gor it hinnweasst i egiapleandahdeottbFme chani s m
depr ot onoamtod d uBy 8 I-,uoarnod -t 2t3,a2,l2oropropionic a
As expected, HF el i mmnemahbeoad pnriomr geentd 1srdosust iset iao
gener at ipiCg daubel eC bond of t he associated de
deri VaFigerAgshBows the calculated transition

di fluoropropionic acid. Il n general, the tra
40



exhibit #&HF omageaat £2d.(0C njH baonodd sCl (3 j) for nucl ei
with the nascent HF momefly4d ahdcamphoertilebhedt
geometry of tchae li,ot alc.tlgmargzemg@ir e(spectively).
state structures and r eactmomo fplauhodrwdy S, 2o P
tetrafl uoropropionic &@pipeéndexi Watives are pr

Fi gux.B4pl ot s t he comput ed di ssoci ati on p a
di fluoropropionic acid. DFT calcul ations sug
the formation ofy; HEheo&€St pat hway o068 €0ightly
HF | oss pat hwdy.ssAlitsh caugsho G Gitveoturraefdl ufoorro tdheer i:
HF |l oss is f-moonofkdofordeéhievati ve. Thus, the
fluorinat ibpmodwwtoiuon CiOs again observed comput
investigaffimgmathieomr CDat hway) . Tiape odnuerndgotni d o
t he depr entoonrodtladb&d @ luomod -tEt3,aZ,l2oropropi on
derivatives, all of which align wi tThabtlhee r es
34. Note, though, t hmeotnoffdruotrtoe ddd forée@tt acrmaatnende hz
i's below our i nstrument ds | ower mass | i mit.
statement pegamuditnggnC®i a CI D and its alignme
It i s also woptbdonotiog tb8atlafCOuoed Heri vaei
t hat although this behaviour is observed in
selectivity via resonantrivRtpboasoéwrciprodoant |
and further underscores the-imededetiophatdehaear
dynamics in these systems.
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FigB8B4@) Computed transition state geometry fq
2, -Ri fl uoropr opB)i o@ompuatceidd. di(ssoci ati on pat hwe
deprotoxdafédoppropionic acid. (Bl ack trace)
trace) rplbantveozeected energy, and (bl ue t
Cal cul ati oned wetr e2 KimoanpvVaf Z | ev el of theory wi
energy calcul-@eCeb( W HATFLPNO

TabB4&£.Cal cul ated thresholzdsndf oHHF pfroord ude p romt oo
monofl uoroprofFi)ondzf Paoropr(opiFgni canaei 8, 3( 2,
tetrafluoroprops) onEcengi @s (818, @4 I2cewnl aitn ok kb
conduct ed-2Xt aupgweT ZM0I6e v e | of theory with sing
with DCEND TH&TI.

Precu CQl os s HF | oss HFE | oss g
BCN DEei e DEzpe DGA | DEci@ DEzpx DG# | DEe1 ¢ DEz pe DGA
2-F 280 263 221 187 147 172 77. 60. 22.

2 -R2 236 222 179 250 232 232 10185. 48.

3,3-F2 170 158 111 208 199 196 122 105 64.
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The | ossso0oo0fyi €0d the associated fluorinated
fragmentationapatpwhyf foor preat,edP cGAsb)o,x ywe cf i
this to be the case only for fluorinated pro
fluorina-t i-dnanrfdMotoreii nat ed species wibtelt af | uor i
carbon atom instead vdrae domihn £ Dl wnyi ¢ RMPBCO I
mon,ofdliuori nated species wilicharfbtoonmraeréi Bt b msil

| oss.

|l nterestingly, significant differences in
fluorinated propionic acid derivatives depen
or | RMPD. For -de xfa nupolreo,p rtolpe oh,ix adiad | RMPIDhi t
whereas via CidiB tflhaev oluoasesd ofveCOt he | oss of HF
t he caseteotfr &f,13uBr,2pr opi oni c ac{d99%) Dwheeeds
| RMPD proddiees O®h a branchixigmartetliyo 2afl.

Computational modelling of the reaction pat h
can be explained in ted)msproofdutchte obnarrreil eart itvoe
forl& s . The cases for which | RMPD outcomes
suggests t hat resonant |l R photoexcitation

selectively accesses spgeoichiastprogpuotcesbkbasnae
t haft a t her mal mechani sanmn Matdieo s pdanhlkdbe foamg
anflDAppendi kt Ai s also an interesting open ¢
fluorination affects similarchvassadi 6i t pFAS,

as -paemgo!l yfluorinated sulfonic acids.
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3.1€£240o0ncl usi ons

A result summary for all tTheb38ploponpatedir
acids access two product channels depending
degree of fluorizhassoprédvourchagmpal®duot CI D
channel is hypothesized thabcarlhbomofromet ¢ om
to be accessible. Comparing the fragmentat.
3,3t8t2afluoropropionic acid, {merede RMP®n fake
|l oss 2comEg®red to the CI D fragmentation whioc
Further computational investigatibosmaeiveml
to bemambeuwed ring transition state comprisec

tom bonbear t @ant hlen contrast, the HF eliminat

bser ved-nfornoom |tulther 02 u@r, @, -aertdrahbuB8r 8, 8p2ci es
elieved that a afclaurobroinn ea nbdo nhdyeda ot goe na nmo 8 ¢ e d «
resent . DFT calcul ations show that the tran

ompri ssdndédatihen, the fluoadcarbabhomabdnaehly d

~Ri fl uor o, where HF elimination is the domi
ut 2 IC®s s i s the dominant fragmentati on c ha

a

0

b

P

c

bondedb-dar ktacre. Di fferences between CID and I
2

b

di fferences between CID and | RMPD suggests tl
e

nergy redistribution may not be stochastic
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Tab3%Summary for the result and method wused
fluorinated propionic aci ds.

For Formation of FCO

Met hod used f | RMPD Expe|CI D Experim
Precu Favours
lon {| RMP, CI DComput 4 LossEFormat Lo®$iFor mat
cQ FCH cQ FCO
3F v v v Y v
-F2 V I\:l/ A N/ A
-F3 Vv Vv Vv Vv
, &3 2 \% \% l\:l/ A \
, I3 2 \% N/ A N/ A
, & &V \Y \Y E \Y \Y%
3, 3-F2] V Y Y Y Vv
3, 3-F3 \% \ \ \ \
Fs \% V V V \
For HF EIlimination
Met hod wused f | RMPD Expe|CI D Experim
Precu Favours
lon i) RMP/Cl EComputat| Loss HF Loss HF
CcCQo El i min CcQo El i min
2-F \Y V V \% \Y/
2 -2 \ \% \% \Y \
3, 3-F2 \% \% \% \% \%

Al t hough there are more than 9,000 wunique
standardi zed methods for detection and quant
is |Iimited knowledge regarding the $s8ructur
Future studi-ebaiof BEAEramshoPFAS from ot her
fluorotel @.mMeDGNA| and ef,guGenX) hevid | ( hel p re
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shortcomings and may provide insights with r
guide the devel opment of met hods for treatm
i mportant consideration for reseangchearnsd i n
guanti fication of PFAS. DuringhaireatmAdBt ,ar k
converted-cihmai @ shpecies and that t A% FPédgrie
To assess treatment efficiency and =elucidat

accurately quantify the contaminants and th

environment al concentrations for telde susismec:i
mass spectrometry. However, the application
ambi guous results when it comes to isomeric

t he depr ottorniaftleudor @®,r 3a,in3du ABr, Zp r2o piedniecx hda dwiid dd
sam&r ati o, and 2botdhi fylivedrdoeFtChCene upon-di ssoci
di fluoropropinoic acid yxwelkdhs mpmedomroaduontckyo
contrastf,l udrd yiel ds'vpraedd d mwanthl ymi h®O® COo s s

|l oss is used in multiple reaction monitoring
uantitati-dnf lodfortonfd udr®propionic acid | so0me
rthogonal separ attiioonn atnedéhowi. qo@marmEhlielrii tzya,

hr omat ography) are required to unambiguous|
nderscored by this sthuadys ef,gBFR®GAY)a, pcahretmics

O < O O Qo

an vary significantly with substitution pat
Computati onal Geometries are available throu

http://dx.doi .-bBgt/310. 19061/ i ochem
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http://dx.doi.org/10.19061/iochem-bd-6-431

iChaptier 4

Ga-phalrei azoli de Compl exes

4 71 ntroducti on

=)}

e

c

e

e

S

Since ferrocene wasafly¥®Pmagst eésozredhias gh
reating and characterizindg®BRoopmaxkiampbegamhe!
nal ogues of the®%hehpenepaenyg | '?Candlomxlacgl es
nd thiazol e Ha%¥Re beamc hreerpsoritawve al so expl or
ationic moiety i'n complopeeas,adansdylhay¢€pfoun
tructures arise depenrfdondi o'g oimipd @xeetsu rce nd fa i

el atively electropositive eéeggikmpt,s wher edn s

onding in conpbll oxe&ks ed emteanitrsi ng hi ghly coval
ersus covalent bondi ng, i n conjunction witt
hapticityo for transition metals), t hat y i

ompounds.

Quantitative studies opfhasge madrie fciornsptl erxeepso ri
t, awho demonstrated thatoltbe bhedpogassieunmy
ati gmHe ,K exceed[skD} h gk<h7oBH*’ AK ment rout and cow
xtended this work to -sdruanlggnd heo mrlrd xes ,ofamd
xpected trend of decreasing ®irhdsngrendrgwan

atisfactorily exqguadmepoli@naded mclatdif powéatei ont
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that domi-ppane efi@a@ti oms. Many stwpdineerlaave omnis
as driving forces in determining molecular a
of aromati ¥¥'4 mino aci ds.

There have been r elpahtaisvee | cyo nipel we xsetsu dcioenst aoi fn ign
CpligdhdBoster and Beauchmonpe ciurd vee srteiagcattieodn si
ferrocene andCpbdosmplvexd, tvlei ccre t hey suggested
decker sandwPRdadu gheaommetaryd cowor kers foll owe
nickelocene via ion cyclotron resonance mass
behaviour to ferrocene f d#Motrhee sree caennotlloyg u sF enait
et. atonducted a combined computational and
di ssociation (1l RMPD) spectroscopyCmd*'®dy of c
The | argest complex that t heys Cplhcdruasctteerr,i awehd c
may be visuali zeddeackdreauamdawipdls hut pdapped
either end. The authors referred to these cl
that this term had been ptraiviionglyg cennedl fd
two cationic aromMdE®Featrhienrgsst omse Iciogpahnadsske d t |

[ NGpil'compl exes were bowmdaprndinemd! gi ppl eonnt

based on relatively minor |l R specgaatds sandt
negligible computed o'mlidtnp eotvieersl.a pT hbeeyt wael esno |
the fact that several vibrational bands, whi
via DFT modelling, were consistent wiith over

H ocoHgl and nlgpered@@NaNabendi ng.
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An interesting open question with-phaspect t
aromatic organometallic complexes is the i mp
does |l owering tHmoisgepyneltypys whs ttihteetCignNy) hient er c
pl ace of trhee iampralcdan cdearstt er geometry and stab
I ntr oddiiceolieoni nteracti ons -tarnadn stfheer poofs sliobniel ipta
density to the metal cla@iomAdDilKt s ketgteastt e 6s
cat-piomt eractions might still be t3Herdg miweant
i nvestigate sodium afdipatodds dieu m nadlfF il gtde dss ecef
41) , which have dipole nbbmamdslofesppptoxemat
bracketing the @icfmoll@)8.hovhesns DpgecH r omet ry, [
photon dissociation (I RMPD) action spectrosc

empl oyed to study the structures and propert

N N
Sy O
a=e =

- - -

1,2,3-triazolide 1,2,4-triazolide
W =3.3D i =14D

Figur é 4 tdleprotlontIdz @GiHg hadred r(o t-lo,nZa,tde dz @ He .
Mol ecul ar di pol essB#&X/edbimputleevalt othet heory.
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4 TMet hods

| RMPD spectra were recorded at "f1me, FELI X f
triazol-2, 2Znddaddll e were sourced from Sigma Al
respectivel y. Solutions for electrospray i on
mi xture at a concentration ofpadtoaOM wmthydr A
added to deprotonate the triazole molecul es
gaphase i onic clusters of interest. Foll owi ng

were mass selected uesingnatmapgi Maed gpeaedt u)

Amazon) interfaced with the output of the FE
and fragment ions were pria8sdedmyviioan.l RIMPD aad
Sspectra were then generated by r dep.r)dd.nlg t he
a function of the tunable free electron | ase
Computati onal investigations were carried o
the CREST conformation sampling algorithm.
manually generated for confor mer search vi

keywdP dometry optimizati o¥B9O 7wdrees et o rod u cttheedo
empl oying the D3 dispetgzivpp damsi sctsieand owi ttHn

conformers ident’i¥itiesl lbgvedREGIT. theory was .
documented accutdtchitleqgrue nefyf icail crud ya.t iaotn's wer ¢
the same | evel Dértbempsgrasdnbabst b sBhe experi
and to obtain ther mal correcEiensr droirc be mall

cal cous$ awweowonp | e ttehbel RNOGOSD ( Tt /zdlepdp2e| of t heory v
tight PNO!d‘aM&tmen &Ir . bonding order (NBO) cal cu
Gaussian comput atrB® rDi/I destu gpe ,| esvsaln go ft hteheor vy

bonding character bé&Pween the cation and ani
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4 TResults and Discussi on

Under the conditions empl oyed-1f @rr3 exxmd rei me
(hereafter-11234)azaorice I(Hhereafter 124T) speci e
Naand "tk form compl exes wisth2B5Tt)aofi BIF To)met ri e
[ M 12Fands([1@FWher=eNaM or K. | nx(tlRg'Toabe par £ N
il on signal was too |l ow to record a reliable
the anakOgoupedM es (using CsOH in the ESI mi
to produce; s befFwphgnahstudbfi ECent for analysi:
to record t he( IsZpdedfdi{uln? HHTosrE g[gQust & nflli .g 4T e

respekxThevell ywege b meafe rtgyd 2@A#Mr)d found to have t
ationall ocgttelde symmeGeymaexryg df stbhagidaTfor

(@)

|l ust srectiioni . 3. 2

(@]

3
. @ 2o o

o )

Relative Intensity

} M} A
600 800 1000 1200 1400 1600 1800 2000
Wavenumber (cm™)

Figu2@!| MeRMPD spreggd comp@Ut ed spgclt2rddipjsoert he
with its | owest energy geometry | ocated on t
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4. 311z2r3 azolide compl exes

The major product channe[l d@la2ePcl@b2s0esd) vanad | R
[ KL 1283 TM/253) species axd28@wWikad) ogndfB[TKNa
(m/1z4 6) via | oss of a neutral Na(123T) or
di ssoci ati o ,1 280N/ 249&r) g ecrl u[sNeelr 2y TMEeZWS) [ aNmd
[ N@123(MYX14) in a branching ratio of approxi
neutr al Na4 1L 23fTr)a gome nN & . Th el 28 ma luosgtoeurs e[xkh i b i
anal ogous dissociation product channel s with

FiguB3eshows the | RMPD speaCcl23T)rienad$drd for
[ (123 T)andl KT )i mmedi at el y apparent upon ins
bet ween their spectra. Although there are so

band positions are the same (within measurem
studMaCof]'’fFeat heertstadeg@orted similar invari anc
degree of clustering. This inwarikKegte gshbhbyge:
perturbs the wiibzrbaan doinmmg) safr utchheuraes s(oci at ed a
red tracesFioywémraBraey etdheoncomputed harmonic vib
| owest energy conformers of the various cl us
measuredgospedBasadi ®9n t hes el R/aRamdoet sitownesy baanr de

123T bpirtrkeit s'e ,can assign the most intens:
spectTab4{leel nterestingly, we al so observe t
16008@®MMregion which ar & nrkoti st epar teeadmpluyt e
model ling; these bandg 1268 preccsttr upnt camidn earte icro

absent #rl28Eg e[cNa um. eFte aalheeprosrttoende si mi | ar ob

[ N@pi)l'and suggested that such features might

or combinati on bandHo uailpr ainden dmord@gefsien d aomd ryt & |h ec

ca 80% cmuld generate an overtone in this T ec

vi brational bands are combinatiomlbahads i nv«

region and the ring torsi énM&Anofdet urfeu nsdpaaretnrt ca:
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study of |I|iasbhald@@Td arilgyht provide a more concr

features.

m J\}U =

800 1000 1200 1400 1600 1800
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1 M | " 1 1 | N | 1 1
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8 1
£
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% /\M/\.L,,N "
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z [K,(123T),]" -
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©
()]
e
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Figd3 e | RMPD sAe chtNta23 TBO(r B(NLa23p'TQ)( 3 K23 T)and

(D) 3 K23'T) Comput edf drR tstpeeckt owe st , e nwehrigcyh caornef
overlayed in red, are dcdaleechtuy'dd ddmviemsadbdmno
green traces shdodw9#® 0Zzreeogm oonf. t he 1500
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Tabd4le Assi gnmant sodfseerr vtelde | RMPD xbhB2®EnNnd or t he
[ K 128 Tpecies (Ewe &ksgmetdii ersg,t o Fger ysst-rong) .
I R band positions and symmetry als8shinglreme mt s &
0.5M NaOH e'd¥Yironment
| RMPPD "¢ FII R &m Description

1729 w / Combination ban

1667 w / Combination ban

1628 w / Combination ban

1418 m 1439 )m (A4 D2 CC stNr ,stC

1130 s 11461)s (ACC st-H d¢efC

1054 s 1097 9)m (1A06)8 N-N str + 4Hinegfd

957 s 963 s (A Ring def

805 s 800 4n (B C-Houafpl ane bendi
Figubshaedws the computed gl obal mi ni ma and
[ M 123 TMNaK) <clusters. Computati onal anal ysi
not form inverse sandwinal ogampsl. edastleialde tche

seem to be more str-dnpbiyei afrthunesiideerd gbCer abar g
t han -giantieornact i ons. For example, the gl obal
that maximize overlap of fthel &dnddintalps.irTHe
i nteractions are somewhat reduced in the higl
directionality asnooeitgt dod nwalid wh Btr tatweoellii nkpgee r
structur e i3sl2fpgTynvch efrer tThk triazolides are b
catsbbgn the side and a potassium catuome EE¢en
Figude 4.
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‘4ﬁﬁf’ @
2

B
e {:{J oj‘ge&ﬁ

AG =0 kJ mol ™ AG =35 k) mol ™ AG = 56 k) mol ™

Figu4€Ehd.different][ Ksla2dpedrnidc tfhoerims roefl ati ve Gi
(A) i's the | owe 8B} ndedsrearwgoyr i gdegoenoe tIC)yk,e s(st hecent en
structure that has the highest energy.

f
0
h
The relative Gilbawboeina&keeg \s(t@ifug.tindeied BYno |

hi gher than t h(EFicg.mp4lddrAgtbarsutattgrerteur e i s not

the sadbhwgideh i s presumed to beasatsted!| bygte
potassium cat ipoan rc adno naactci eopnts. ladme if o0 mérer 2 dg &
for the sodi atkidg éBdesc iaebso ust'hic2wdn rkednamdlve Gi bbs
hi gher than the compact 3D geometry. I n col
potassiated andhbgberibsn56é6n&dgyno¢compared to
Fi gdshows the computed ddleBaMNaKni md ufsarer sh
For 4[1INa}'T)we find a nearly planar geometry th
the more the compact 3Dl 2g¥,To)nientersye ocd mpsuteer s fad
directional bonding skRAingéyaatsisorcg€at edg gvd d

i nteractions also strongly influence the str
clusters that we investigated computational
triazolideampi @bred hes sodcatpdB8otrusher anahd
potassiated clusters, a differencd 1t. B8t ji)s a
compare@dot 8'¢Nme .l arger size antcarteloant icvoempsaorfe
to thceatNaon | ikely also gives rise to the re
clusters. Wi th r eTspiercttertaoc ttiloen sp o sssofdlde ed ¢ |
di staceae@. a@anhd potassi at’ANMAdI ssamc@s@whi bht K
compares favdldbloyn dt adi tsit eméaes wrfed2 .f9%or pot as s
crystlal s.
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To further investigate the interactions giyvVv
undertook natural borAYivinhgi conr boint atlh e NoBaGs)i sa noafl
we expect should b*e "@Famd2pd ocappesadchlehemmenp u

stabilization energies associated with el ect
to the al kal:i met al cations in the clusters
C-T stabiclai 8Bdt%)omwa(s donation of N | one pair e
orbitddorsof# bNaal | af géneral, we find that sodi

hi gher delgrteneasn aodfo @ he anal ogous potassiated
orbital overlap and cl oser approach of the n
enesgof bindi nbaldady sowlgiiovlenaren sl ightly | arg

sodi ated species than the anal ogous potassi a
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Na3 123T)2]

9
&4
[
»3:% *2’: e ‘»
)
AG =0 kJ mol -1 AG = 20 kJ mol -1
............... lsomert1 ~~  Isomer2
[K3(123T) ] @
) D
D & £ 3
’ 2y F }‘, %g’ Q:i:ﬁf‘«'\l' o
o © ‘J " 4
9
AG =0 kJ mol -1 AG = 56 kJ mol -1
Isomer 1 Isomer 2

Figuwbe The gl obat heni hi mat aihdgrher g( 2@ T W
( MNakK) . Cal cul ati ons wB® -3 /cterfd2ppt el de veetl
NBO interaction endabd2es are summari zed
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[Nay(123T)]*

FigureeCodmput ed gl obal mii1l2izpiTe M=NXl aKkr) tchleus { &r s .
Cal cul ations weB@ 77EDd/ndderfo2ped | ®tvetl heof t heory.
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Tab42Computed <cluster binding energies and s
chatgansT)eri (tCeractions between the 123T ani
cal cul ati ons wevBe9 7iXB8 d dted \2kpe nl eav e lt hef t heory.
enerpbdAes,are calculated using standard temper
C-T Stabilization Energy per €T . DG° Binding
Cluster Energy / kdmol'* Interaction / kinol'* Fragmentation pathway Energy / kdmol'?
[Nax(123T)J 89 44 Na* + Na(123T) 141.8
[Nag(123Ty]* 292 73 [Nax(123T)J" + Na(123T) 81.3
Nas(123T)y]* + Na(123T
Na(123T)* 56 = [Nag(123T)] ( ) 132.5
[Nag(123T)]* + Na(123T) 94.3
[K2(123T)J 73 37 K*+ K(123T) 114.1
[K3(123Ty]* 237 59 [K2(123T)J + K(123T) 84.9
K3(123Ty]*" + K(123T
[Ka(123T)* 368 41 [Ks(123T)I" + K(123T) 70.2
[K2(123T)]* + Ko(123T) 56.1
4. 3122 r4 azolide compl exes
The 124T clusters exhibit similar | RMPD fr

The major produkz2fma2amhd)eli  olrodK of 1RAT2FT) t
(m/1z46). We were unabl$124'TyEhe amdjyomepsodecf(
of 4 N2gJ )/ 296) are the 108284 ®f ftok eh2ri@ifitkr al Na
114) and the |l oss of tt:hE2HBNZOR), Nalfileld Togcd¢ wr
a branching ratio of approximately 71: 29, re

[ K 128 T)f or which the product branching ratio

Figu7el dts the | RMPD sp#t?2f8)s(refT)derdd f or
[ K 12F T)s{ K24 T)As was observed for theil1h3T cl
K'has only a minor impact on Fhgdbsbhsew vielde s p ¢
computed harmonic vibriaaaadnaémepecwrah whosa
experimentally. Mi nor differences between th
1,006 ocwmere a resolved feature that is pred
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bl ended with another peak in the expari ment
1,506 cmfhe most intense spBabld4Bdhséeaonresr abeE
cal cul at ibars antdith/eRa man sAtzthdeyt YOFIh. €l bands

observadl mftadada 1, "M@a®@ecmot predicted by DFT c
they repéAzhadybySEbuld tRAee femtavertadned , ¥O0Od
most | ikely wvoWrReepacndatitd ounadngp,f tthhee fQundament &
i s measur Efdcatr 8$powradi ng ¢a B, TBO sAImtoevremn a toinvee
this band could be a combinati'®n aonfd tthhee rriinr
torsion méde S(iengo aerbhay ,1 ,t%50 btanh dbe a combi nat
CiH wag (6mndmthe ring ftYorsFohumedeaedsB80e na

i sotopically substituted species would shed
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Fi guwiel RMPD sped)tr ag(NL2FTB( o[ K2FT) a@d (

[ K 12#T) Comput edf olrR tshpee cltavae st , e nmehrigcyh caornef o |
overlayed in red, are scaled by®&®Tag in acc
i nset green tracesil8R®Wcagizoro.m of the 1525
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Tab4dExAssignments for the observa2fHBN RKRMPD bar
[ K 128 Ts)peci es ( i=mteaarks=imtend e 215 tw © nygv,er y s
strongR. bBmd positions and symmetry assi g
ref et efce

| RMPPD "¢ FII R &m Description
17G3739 / Combination ban
1481 s 1439) ,(A149H12 CC SCNr ,str
1240 s 1230 (B CN st-H deC
1181 w 1207 (A CN st-H deC
1143 1 1146) (A N-N str + +Hi megfd
962 m 9631) (A Ring diefdeH C
865 s 800y ¢B CH wag
680 s 6682 (A Ring torsion

*Tentativelefatdsbngered i n

The computed gl ohal 24W)kiInRaf" TF)carns@dtl 1§ 1T MM
= Na, K) clusfFegsiBAkenshownhenl1l23T clusters

potassiated 124T clusters do not "dmalnm g mnevse.r s
Il nstead, cluster geometri-dspal T aihmdtoargd o/t ii onrf
t héT G nteracti on Tearbd4aegriee so fr espomitlead imMmagni t ude.
i Mabd42¢ or t he anal ogous 123T3cll2ufstt)eursst.e rT haed ol pot
a relatively planar/linear conformation. The
struchbGA+*3l ak?. mordt eresti n'gloy/r Nsaulstts tiun i mmg &n
reordering of these structDGA=dk,dnowi o6 hhit gleed in
energy of the compaa(tl 2¢gde{oMnet rNa, ThK)e dlaugteer
psewda@anar gl obal mini mum geofAdtArdii ss.aafE®rs tolfe
2.i3 anBAKdi st amc@s @8ofe computed, again compar
K'ARNAbond di st ate@es uafed2 . fOr po%°8ssium nitrite
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[M3(124T)J*

3 _ ot °
& JUTR & T TP :
9 QL o

d
Isomer 1 Isomer 2
Na*: AG = 0 kJ mol - Na*: AG = 31 kJ mol -1
K*: AG = 4 kJ mol -1 K*: AG =0 kJ mol -1

[Ms(124T)a]*

°f;3 2

e

J
S -
@3 O
i gd8Ehe | owest ener:g¥y24/,€ MMmEk2HFT ))easn(dd g TM
M = Na, K). Cal cul a4Bi9o-iX8 / dtead \Bp  olnawelt edf atth e
ver |l apping Nsorobniet aplasi,r wvahildcihM tge va&c rii ses t oa ICe
hes[lRgF€T) uster. NBO interactiTamddenergi es ar e
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TabWeComputed cluster binding energies and st
chatgansT)eri (tCeractions between triazolide ar

cal cul ations werB6 X3 /dd&ezdtvzpkpe 1 eavidT'tdode t heor y.

calcul ated using standard room temperature a

A Energy per €T DG° Binding
C-T Stabilization ; . "
Cluster i Interaction / Fragmentation pathway Energy / kdmol'?
Energy / kdmol'? KImolit
[ Nal24- 89 4 5 Na+ Na(12: 150. 1
[ Nal 24" 234 58 [ N@l124F )Na( 1 47 .9
al2F¥
[ N@1 24" 451 50 [I\t'(a(lﬂzél)” 083
[ N@1l 24 F) 39 4
Nal 124T) '
[ KL 12417 77 39 K+ K(124" 114. 9
[ K 124T 199 50 [ K124 )KH( 12 20. 5
[ K 124F) K( 1! 41. 3
1247 302 34
[ K124 [ K 124 F)KL2A 27.6

4 . 71£20o0ncl usi ons

I n this work, we explored( t2h@dTastdnr(flddtduTr)es an
1"(M = Na, K) clusters. lapedhesawhi wht gebmet
are definpidnthegr aattii omsont dienitmg aczlohstder s exhi
bonding assYMieheedrwint deNsity-cdohatnong Ebus
ring symmetry resulted i-e0orctoanpmicntg cdluwsgtearss v
more open geometries wimbhemores.dByt aonwerbhaeatgw
of the aniipnnt ema&ctciadnsonare |-dspoldemandntha
transfer Il nteractions have the dominant i nf

clusters t‘hat monteashrbNagly bottnd than those

6 4



| RMPD action spectra, which were well model
(axB9XfD3/ dTeda\2PRP)exhi bited interesting addition

1,80@8r &gni on. These band features areH obelieve
wagging vVvibrational mo d eH owa gcgoimmbgi nnad d ed0 na rbda n
torsion mode. Further spadtilsdtwetidope cofstuldg 1 2

124T aadietl @r t o el ucidate the potekeailant esourc
additn amsetcadbtmns such as tsd |esxeamicraen tbhee uisrefdl u
neutrabpol odder neuttroaMaraycltihe spaaicdasur e ani

clusoemed

Comput ati onailde gawvaieftaldleawi mg tlhienKk :

https:-bHdi bsbems/ browse/ handl e/ 100/ 330732
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TrChaptier 5
Ga-phaBB:19Di ami noal kane Cl ust

5. 711 ntroduction

Recent devel opment s of smal | boron cluste
applications in thaesapendntd&Miisec iathldeddadroo n

dodecabXilat=H A®IBrl,) cages are of interest du
structural andaldloevdtnrgordioa wtaahioluist y undament a

such as energy storage, catal y% % 2Pha@8® neut
applications of the dodecaborate cages stem
symmetryXidTdhieanBon has a qauagmmpl ypojednetgreende r at
HOMOs mainly | ocalised on the boron cage and
the fluorine at onfdi n otchae eBda& soent lot&h e esguartfiavcee .c h «
del ocalized around the surface fluorine atom
Bith1dhave the negative charge ¢#Asoaatbmatepgoance
the delocalized excessikedreecstulotnss iom a hwee askuerrf
i nteraction with its coordinating cation con
phase sigamdafPOOhuwuiXidtchieanBi ons are often refer
coordinat*t¥ddveareirgng.i anidaomds MARu@eh oafst ehO unst al
the gas phXxgarewhkiladl B 1°77°fFhse ghbowhaber t he
clusters that 1iXpivwi vle diiuc at pdes,B such as (
di aminoal kanes, to elucidate the structure a

Previ oplsa sgea ss t1 iBy( XcHCIB,rl,) cages indicated
dodecabagas ear e ptrroannes fteor crheaarcgtei on during di s
| R excitation due toBifaéhas| oweokowasi omxipodat
compared to the other ha&lfotgeinsatefd idrntdercadtoe d

further the potssnbBiflkrtynokerabargas when cl| us
6 6



through hydrogen bonding asiFpdeanoulsusttairdi @i
various moleculted®i*thhtndegas uphaséenagnsdtudy o
triethyl amihex,afdmudraicly cil ® he k a@e dti manti otnh é i B d s
with the counter i1 ons or neutral mol ecul e by
pha'€e*8ptédci fically, eitnuatlihneg stthued yt rbiye tChayrira mmo n i
cation demonstrated that both proton transf g
under a*fhe aprnoinon transfer reaemibandchahses
charge transfer react hfb yinelalddia i ®innglay hdl
di ssociation channel of HF el i mnaoagteiolni ccan

[ Bl and other cage fragments 3ol virmgel ovasg €

vapours are in the ion trap, hydr ookiyde grou
1 ORNY*A n addiFtiwene 8hown to bvitahewintuhc | recolplhe | g a
remaining followi?fg2%8 uorine abstraction.
This work explores the potential structure
rigid and higFhdayn ds yvmemreyt rfilce xBi b |6 CH(i N hoal kar
= iR2) The focus is to study htorwa nesifeecrt rroesatcattiioc
i nci pient chemical bonding influencing the
Furthermore, we want to examine i fr eesnutlrtoipnigc

in an extended geomefrgndorandopti v Widentake I
to the strength of the hydrogem?bohdsi detlve
interesting to explore the dissocBi&tsdi on pat
cluster and if tshesdrsgssdcaati onnpashway with
the protonatBiédtcd iuestt leylsamiarse t he various | enq
brackets the proton affinity and gas phase
doubly Ichawveed&u ciudsaitraggbnmo bi | i t y,stuecchhrmisqguesavel
wave ion mobility spectrometry (TWI MS) and di
Spectroscepycmedashoidnfrared mul ti wloaw pdiretat on di

DFT cal ovelr 2t ucemes ithd eaipd eitrattitoen of st he exper.i
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5.TExperi ment al Met hods

KBi1Fid >97 %) saldti aamadcolail kearNS( @MNHI hemfogr ;v [ H
12) (>95%) were sourced f vdormam$ingmahdAdddrniecs |,
sour deadm LGC Standar ds, Canada. To produ
BFEiAHN( QiNHB+H] and 1F12tBN( QN H+2HTF, el ectrospr a
oni zation (ESOM sohu&aionsgofhe@O@ppropriate

—

separately in a 50:50 m&thammil c aadi dvat Eli i x
concentration of f or miicveacdampwas e emplod yeadt
d

i ami noal kanes.

Hi gh resolution mass spectrome(€Cg@Spandatctal Wi
using a Wat-8rsevunppedG@iA hCGS TcWIMS rcaetlilo.n ¢
created using the Waters Major Mix (Waters C
empl oying wave height settings of 36V, 38V,
velocity as r ecoemnidanhdee dc ablyi bGaabt e | oA @meeuBdvi ex (| o cC
FigB)eis then used to obtairmMstdeg i@GES tfuddre eda
Bi1X13CCS related clusters/ compepodsedriesmnbhi ay
not per f ect |lbye craeupsree stehnet age ymet ry and composi
di fferent fr onpatmpd etsa rCyCeSts amealeytmeeasur ed wit'

settings as wused for calibration. The TWI MS
To further investigate the possibility of
ensembl e, DMS was employed. To conduct these

( hm ghaepi ght ) was mounted between a Turbospr a:
of the SCIEX QTRAP 5500 hybrid triple quadruj
measurements were recorded at sOpPAROCEXiIon vol
steps Vofans00=3d®0r@09W0 i nV 29t0eps, whidmgescamnin
compensation voltage (CV) in a step size of

at SV > 3600 V). Enhanced product ion (EPI)
6 8



ener gyo0o o¥ to ensure signal I ntensity for tak
empl oyedgmasre Idnograms were measured at e a
corresponding CV peak(s), which represent o]
Di spersion curves for the ions of interest w
the entnge. SCases where multiple features we
indicative of either the presenceobf | mmubgerpl

cl usda.eg.si mesrod ,veindn clusters) t®°%ield the ana

Spectroscopic fingewenuesretds twt idliwdindgatleR MPr

i someric conformations found in the ion mobi
FELI X free electron | aser | aboratory (Radbou
wavenumber ria3n5g0e0’! ocind WAX X0 n Catuisdmr s of inter
produced and i solated within a modified Br
spectrometer that was intlté¢Nisdcadi whah sphectF

generated by recording the precursor fragmen

free el ecrterqgaure nicays er
5.1TComputati onal met hods

Mo nomer i nput geometries were <created man:t
omput at i'b6htaeé ggeometry optimized prFo%t onated

c

species were then combined to create the app
used to sampl e t hé?!Bpoolslsawilneg ccoonnffoorrmaattiioonns .s a |
c

l uster structur esybwedd® metth ond zwWlidtVhP £t hbep sd dfe 2
set and ref9DESBIwimeh hodeTw MPP X hbeéa $cifedfle2s e t .
evel of theoreycdamslen hteo blasgli ancetcaovmput ati ona

Frequency weacecnud uacttieodhson t hatopthiemsame feovmét
and basis setomastopti mezmocloeami cal data and

experi ment al | R spectr a.
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5. TResults and Discussion

5.4Mass Spectrometry Results

High resolution mass spectrometry (HRMS) w
BiFidand di ami noé&likyjlbisehoWwsi st lee sHRMS spectrum r
singly ehaHNEé QNHB+H]cl usner 475) along with it
i sotopic distribution, which BW'Bsednpltedomsn
plots for the ofihedN(sQN+l] (=285 gda®@)[ Bl uster s

as well as for itFheHNOGMNH+2da¥2ga@)[ 2Busters
avail appen@ing uBB83R | n some cases, the presen
more intense MS signals introduced ambiguity

di stribution f or 1F#&ENE@GENH+R2 HEchlau soteedr J @B)

overl apped withibdlhadn/eorf 3( h)e, K8 chall enge th
confounded by the relathnhveBy dboWwl gi ghalrgedt
i nstances | i ke this, we conducted additiona
separate the interfering species from those
TWI MS experiments adreet ad il s cbueslsoewds oiTra eredr'WHR® S
spectrum for nHhFE dowdtl eyrF cipBIrdggheddwmo $§ 811 bl e expl
for the relatively |l ow inmnehsanrdg draltdhgses) u
t hat -psriontgolnyadieadmi hoPr opane a-the mber ead srtianbgl ev
i ntramol ecul ar hydrogen bonding, which disfa
formation of trh=8 dcdwksltyerchd8hmged i s supported
indicate that the | idmenari niopbDAugaadndd fihgrgonteorn at e

i n ener gynetmbanm etdhe ihg ground state.
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A T T T 1 T T LE—
A [B,F1,+H,N(CH,)sNH,+H]

Relative Intensity
o

468 470 472 474 476 478 480

m/z
Figumné A The experiment al mas s spectru
[ BFiA+HN( GQeNHB+H] cl ust eB) aintds (t heoreti cal i sot
Experi mamtfaelat ur es associated wi t h t he V &

[ Blio#HN( GQeNHB+H]are highlighted in blue.

Figurb® shows t he fragmentati on mas s
[ BFiz+HN( QNH+H]cl uster as observed following I
part  frlagtment ati on techniques generated the
relative intensitm/es39 Tmendd9norf off e avthu cds wat d

a definitive assignment, were observed in CI
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have tentatively provided Rhogédel &ahef oremal ae
product ions were assigned to a variety of &
which had been idenihifri &l@CHa+e VEElbudy ydty nCahe
af'f¥he most prominent 1Fri¢mze889) pnwhbshrivedprt s

HF el i mi natiiFobn(mzf~r305n® ) HB which itself is a p
[ Briz#HN( GQeNB+H] cl uster. We notigidtzatl79ery sl it
produced via CID or I RMPD, indicating that t
domi nant product chahhted .gdmesrsatod tHiEe.f (rvwewr yH B
cluster results in furtheref,gasgneretsastiiveen Fo fl o
well as reactionsgas ttho tf@n+ing\chk ¢ ofizciek 86 T N .

We al so see 1o+ ma@jz-odn7 %9)f, [whi ch arises due t
At hat is used faX:i1Cxbal Rgawcsj o@NpfaBi ons wi

was first repoet.&HdlWhboy dRorhodnesntbruartged bi ndi ng o
sumercdreiol i c 168liitprotiuciBd 1€i®) .CIWD tchf rRegard to
charge#+HNg QN R+H] (h=27112) and t he doubly
[ 2B #HN( QN B +2 H] n=27112) clusters studied here
beharvishorFang 6i2nes r el ati vely consi stA@mptenacé xoss
BFi guB3&sB55. To further confiiFrim JNdleu s tdeern,t i we
conducted CID experiments f of ., tfheew TtVEISMS ccaesl
turned of f. Doing so resubi#eflpeaktheomi saepm
spectrum.
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- BsFs Buofe. L BoFCHNT() | -
3 l B12'_:122- + [B12F11CsH1oNT (?)
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m/z
Figb2e Fragment mass spe¢iN(LdbsH](m ed7 5 )r B

foll oAYyi ngRMPB) a@€@HdD.( The

parent

Tent ati ve

assignments

remaining mass features

[

jadn 3i2H 0hicgnh | i
arme/ z9b v/ @® 9 f oMheé he
&2rled assigned based o

5.4C@mputational Resul ts

To explore t he structurkesHMN(NPNHHHIperti es
N=2i12) amnkdaHMBCMHB+2 H|(n=2712) clusters, we fir
a detailed computational study. CREST sampl i
structur al methiafrg efdo iskptektsl @) H4BY] (n=2712) ,
based on the geometiy ymordnoddarrt i@t & mdiema ilak ge,n &G n
and) { prbootuonnd ri nfi g4 Ctshoevs. exampl es of the
motifs FFo#HNMO@NHBH]c!l uster along with relati:
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this case, the | owest enerlggunsd ruicngrat r mot u
| i ®@a8. &k no'tbel ow the monodentate and bidentate
t hat f orchtahreg esdi nsgpD8/c i @ s elwopirrdodt oorni ng structur al
preferred geoma®¥ yt heHoiweomer d a@rofemensgetei cal |
bi dentate motif becoFnegb3pechettcavbereel géomet e
structur al 1BeHHN(SGRNIb+H]lcd u[sB er s ams a functi on

——— Monodentate
—— Bidentate
Proton-Sharing

I
o
1

w
(6}

= - N N w
o (&3] o (¢)] o
T+ 1 r 1 r T r 1 7

Relative Gibbs Energy (kJ mol ™)
()]

o
—

1
(&)}

2 4 6 8 10 12
Number of Carbons

ur ®RebaBive energy differences between t he
ack) monodentate geometry, (breeupaobmedernyt.at ¢
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Figur®249iF show t he comput ed gl obal mi

[ 2181 2+ HoN( QRN B +2 H] (n=375) clusters. Calcul ations

ge
I n
cCo
by
re
of
an
ch
( h
re
Mo
an
t h
pr
t h
f o
st
en
di
af
ch

ac

ometries f orO3 clamsit eerxst ewidte strumQ4ur es fo
terestingl ynO f30r tchleu setxetresn dveidt hgeomet ri es we
|l l apsed into the compact f or or uipsonl igkeeolnye tdrr
f our i)f atchteor Gaul(o mbi ciFideqaid éd ,otnlf eo f Cotuhl eo mB i
pul sion of the ammpnmnouongredpdi amhebehkanop)]
t heprdotudod yt ed di amiijvoahkantet cheitCiowed afmdr Ce s
d hylhomwmdgiemg) bhé&t‘weagre st mandBthe ammon-i um gr o
ain diamiE2app)] kamesdi(st alhfeabes wieent hdec @mp :
ypot hetical) extended for msi)i sainow(i Isli glme f |
|l atively similar ilnfnddmdemdeaeamncse sofbyCoulrdmlei o
reover, the confor mahaiomadi aspiacealfloane heise
d restricting their geometry in the compac
e system enthownyriigWboofdevent heasx=8s el afstehe t |
oXxi mi h1¥ifefagteset® both ammowihamngspeps esf emn
e formation of additional stabilizing attr
rces |l eads to the adoption of compact stru
abilization afforded by introducing additd.
tropic penalty of restricted geometry i n
aminoal kanes. This behaviour i sanrde fplreodtoend

finity for t hleabdBddaonm noiah gdayabd B geddou bl vy

angedjas phase basicitieskdindbbtro d8x@e8rhp| e, i

ross n=Réel2.ange
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4
AG°=0.0 kJ mol-1 AG°=28.3 kJ mol-1  AG°=30.6 kJ mol-
proton-bound ring monodentate bidentate
[B12F 12 + HoN(CHp)gNH, + H] -
DJJ-JJ‘\J ? JEJ o J‘ 4 lJ: J ?
& J 27 2 4 ‘} ] 2 _J
3"55»‘*‘: ﬂ%"ﬁ ‘,{f)“ Py J\J 4 f)f P, 2 2 9 s
i i AT IR  a STR 8 8t
9 > b J
n<3 n=4 nz5
Compact < » Extended

[2B42F 15 + HoN(CH2) NH, + 2H] 2-

nd ring) smoonotienedt é&tr Crt bi ebeonuanadd e (
ur e. Calcul ated relative__Gibme'{energie
Bot )onComput ed geomédixHMN(SCRIH+2tH| én=3 2B %,

Fi g4 ddq)Comput ed geometaFhnGcGCMNtH+Hhel UsB)er :  (
pr o-bon

struct

(

| usb)erTsh.e (st rnFB8t Wdo-ehdfygedecl uster i s represe
tate of those containing di abBpi nfchper osptarnuec taumrd
hne=4 doawulbdiygedFcl| Tulsd estr =5 ud co hodfly gtelde c |l ust e
epresentative of the ground state of t hose
peci es.

c
s
t
r
s

The computed binding ener ghhgsN{ @QkNH+he di ss.
HIY HiBFb+ N(GWNHRBMN=2, 6, 12) dakilgpmdviehedggi es f
the remaini g +asNg ICENH+ sSHY[ Bist er s iaApep eprrdoivxi ded
BTabB8B10 Standard Gibbs binding energies fo
rangecd rio@MOm&t As expected, the trend in birt
nmirrors that of the relative conformer ener
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singhayrged cl| uigFtdelr setdorgcel di Bsociation withi
significantly MmaljgBleB 1)3,n reamegrigiyg 7(6sndddin F B IL s
result accords with expemiwantobswhrevedtthe beo

mi nor product channel via CID and | RMPD for

The computed bindinghamgreiibtd INBIfCHH+ he douct
2H](n=2i112) cluster $ah32e As owag etdheé ncdse gweidt h t
species, trlmmmsfpemt @gm oduct channeliFi | eiasdi ng
thermodynamicall yhfavodued owanntehe Bowever,
gap bet ween these threshol ds di mi ni shes S u|
di ami noal kana=2c hcaliwns;t efro,r tthhee ener (Pg=1g6adp bet w
kol wherme=d® ft hreDEg&kpindts This stabiFézati on
product channel 1Fmepabduet tohatnhneel HB s refl e
fragmentation spectra, which i¥hfomma sssi genhiafnincea n
for clusters containing | ongern=Ri amirrsaasl Kia v
of total n=d®)si gmalofmprari son, ac hsairngiéhdar[ Ban al
+ JNM(GWNH+ HJl usters reveals that the energy
di mi ni shEe$ 6 fnkoStM®E=2 & mo'tacr o:ns iBlke series, and
BiF19d i on signal observed in CID increases fr

accordingly.
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Tab%le Computed bi ndifFngHN(nGkN pi+ldkdifsosroc[iBat i ng

HoN( QN B+ HBLproduotx, feo,r 12. E|lREsi)t o-p@coener gi
correctebE, geneegilblp) pard ¢t andabGh) Gabkesreper g
i nmkd and BSptirespyepor tmeotKt.n units of k1J

Cl USteDEelec DEzpe DH DS II;A

Monodentate confor mat i

n 2= 244.2223.6223.1 53.7 169.3
n= 6 243.9224.0223.4 56.9 166.5
n= 12 243.0223.4222.5 58.6 163.9

Bidentate conformati on
n 2= 244.2223.5223.0 53.8 169.2
n= 6 248.0226.0226.2 61.9 164. 3
n= 12 278.6 255.2256.1 69.2 186.9

Proboondcanfnogr mat i on

n 2= 256.4236.6236.4 55.0 181. 14
n= 6 295.0272.3273.0 63.8 209. 2
n= 12 278.3251.5182.8 254.1182. 8

78



Tabh2e

Computed |
to: A(FLz#HN(@MNH+H]+

+ 1B1dprodunt2, féor 12.

HBband

(DEz ge, entOMp)] paed
ent rpyi § repor tneottKt.n units of kJ
Clust DEeiec DEzpe DH DS DGA

| . HBFLFor mati on

199.1180. 1
192. 172. 1

12229.i211. 2

88. ¢85.
71.¢€¢6 2.
17.¢81.

2103.
51009.
4136.

I I . BiFi¥dFor mati on

345. 341. 3
219.:1220. 2

12202.i207. 2

46.¢79.
16. t49.
09. :65.

6 267.
9166.
2144.
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5.418n MobPdsdulttys

To investigate the posspaopuliatyi oonfs niunl ttihpd ¢
ensembl e, we conducted TMWKHMS ( &kNpHetHi]madt s for
[ 2B #HN( OMNB+2 H]c |l ustex s22or Col |-$ssctinoms 066CSs

for al | i ons measurkpgiperadiekTabBBRu]l at Blde i n
[ Biz#HN( GQiMNHB+H]cl usters are found tojfaeve CCSs
2} o 2°In&12) , with a relatively I|linear 1increa:

l ength of the dikBmgé®al Menaoc haoitn resoéd ve mul
our TWI MS experiments. However, we note that
i ncreasing size of diaminoatk@,newlktihah nall €0 gd >
a si ni ficantly broader arrival time distrib
t he

str

ame region that calcul ations prmedigyt t h
tur al rboot Ui nfgls ;$ tnhuec tpurrcet dm®8 nagnd atvhhel r kidd é

g
s
c
structur en®%%.v oQuvreerd afyoerd on Figure 4 are CCSs
h
u
o

O < C

wh i we computMPflBesd ags eMBEC@E sl not par amet ¢

i nc de boron, we empl oyeddhyhter ifdoirzceed fciaerlbdo
appr
and partial charges. Since this treatment W

xi mate the boron paramécet atwhdi cé umaiemnt

cal cul ations, one-iing eadadhteitamegdi | & g aign LtC So watrl L
we anticipate qualitative agreement for the I
owing toalt heonsiitetreancy of our computati onal
computed CCSs to those measured experimental
t he trends -bfoourndt hre ngr catnodn bi dent ate moti fs.
TWI MS meatssuremensupporting CCS calculations
i somers present for the |l onger chain species

cal cul ati ons.
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230 T
- [B15F 2 + Ho,N(CH,) NH, + HI o 7

220 | ?-—
i - o A i/‘ . |

210 | T
% o "'{’i .
o 200 | - %, i
@) ! i
O 190 | /} .

proton-bound ring

- /% bidentate -
180 | ZIL > monodentate -
r experiment J

170 1 . 1 . 1 . 1 . 1
2 4 6 8 10 12

# Carbon Atoms, n

Fi gbbeBllackMeasur ed CiESsHN (0GR hRIe] ({=RT12)

clusters. Error bars indicate the full wi dt h
The dashed | ine shows an=RifeafFustrems. thlae dva
shows a | inear tm=lmdl 2t hcaltu swaesr sf.i tCotnop uttleed CC

(gr e®emonodreehd bt d e nlf lad ep rbodtotnd ( r i ng structures

To explore further the isomeric compositio
measured the differential ion mobility behayv
resolve isomeric features that cannakerme res

to account for artefacts associ a% éd®idgiutrre fr a
56shows the DMS ionoghBmsNO&MSH+HIh=84pr 10he [

clusters. Overl ayed I n red ar e t he [
[ 22B1 2+ HN( QN B +2 H](n=4, 10) <clusters, whM$h frag
transfer ion optieshatgedemanabgu@ddad/jesbaglye

Anal ogous pl ots for the other clusters stu
i nf or mRit g ubBr2ed X . The remaining featur e obser
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—

nw o O

BFEiA+#HN( QENHB+H]jsuggests that this cluster exhi
ts gas phase ensemble undé&i ghA@se | ax geOMit mars
he i onoigFiatNO@&HNHB+H]exhi bits two features af
ragment at i ofnzHN( Gt +2[H3 Bl ust er to generate

harged anakdé(@ueiegsle . HB n fact, the second, |
S VisibhagaHNOCEMNH+H][B=6112) i onofgir @uBR &Hs e e
uggesting that two i someric forms are prese
eatures exhibited the same fragmentation be
onclusively assign the obserNewe rptehaeklse stso, sgr
ur computational resul téa’rv we beavibdien d hreitrogar
tructure.
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Bblue l onogramsifFizHN( QN B+H] and Br@Ed

[ 21B1 2+ HN( QN B +2 Hfmeasur ed3 8aW0 iSV a.emwriag odment .
l onograms for the other clustAppem@dgwBed at
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5.4l Afrared | on Spectroscopy (I RI'S) Re

As a final expl oration of cluster structul
masse!l est eghyr pBE+HN( GiNH+H] and hdoushwnrged
[ 2B #HN( OMN B +2 H](n=27112) cIFugtBb&esovi des a compal
of the experimental 1FpeoN(r@QdiH+él¢olr detdef oal drh
with the computed spectra f orbotuned mao mogd el nstoan
TabBldi Appenduk| Bmssi gheent s f ovi krhadt afrowhnad a me 1
systems ionbstheechidaorugod dy an-dh arhgee ds Tdmlgu sgtpeercst r a |
intensity ‘Meaon3t3@@ esmt he presencdoaufndt he b
ring structure since the monodentate i somer
intensity obsefdechometarat2es7 OtOhecnipoes@eéncengf
structure since only this i sadgeBcOr@rbespirdrs. at
That this band is not as sharp andt itnhatnsiet ai
associated with the shar ed -dpiraomionno dvo doercaatnieo nmc
shared protons are notoriously anharmonic an

i nt etsiBlyYy . monitoring this region as a funct.

indicates -bbandt hengretoocture is present fo
owing to spectral congestion there are®fno i s
t he ot her t wo moti f s. As a naeathar gfear c
[ 22B12#HN( QRNRB+2 H](n=27112) <clusters, for which th
| oevner gy i somer e oexbkbabhteduseéekatsvely spars:
well with computed harAmpopna ncdriax) sBoe/ghPt.i on spect

8 4



Relative Intensity
O

IL_JL ) |
1500 2000 2500 3000 3500
Wavenumber / cm™

Fi gbZ.eA)( The experimental ilFR+HN(sQHNgHH]Jum f or
cluster and t he c¢B®) mpnuotneodd@esnp bact tlee, a D)@ f @ it cht@ovrg  (
bound ring isomers. The 'tdedanmmss ttrya toebss etrhvaetd tn
boumidng structure iIis present in the probed e
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A final Il nteresting observation was that
spectra from different | RMPD product channel
the spectramopBSar B anizdI h B\ (B product channe
t heeF[2#BN( QHNH+H]Jcl uster ar e amarslee@dodinekamehe,
mz339 channel exhibits relatively narrow ban
>2, 900 egmon tchmarl, i5® @gienn ,t wla25 & ashannel exhi
relatively broad bands wi tcha sluy B%t@agrctmina ltlhya nhia
>2,90b( scém gur)e. 5TBi s behaviour <can |ikely Db
dependence of the ipritaods889FiBo Be o@uwss BB
produced via 1BP, |excsi tfatoimoHBv i a -stehcet iha ng hb aanbdss

in thée3220®0&egn on | eads to a reactikobhi ocascad.
BiFil, thus artificially dimz~B568hchgnhbke bAaddi.i
that obsewv33d9:1FNAB tphreoduct channel. We attempt

a power study at the FELI X faci ltihtey,e biust ar

siffncant rtehdeu cftriaogpmeymtadt iwhren any attenuati on
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5.T8oncl usi ons

Mul t iifildec aBles can be observed to form a dou
[2( BFL ) HoN-( CH-NH+ 2JA.Fr agment ations of theidianior
t wo di ssoci at iporhortpoarns i wa yi .19 a @ d)e (ad dfiHBect di sso
of the protonatedi?di ami h-baehkabeoapdoBuct cha
gas phase reaction by HF el i miFnlagd emi eysi etl Hast
subsequentlipngreast s nwithle i on tridFpt tfpanfdor m sp
[ Bii+ Ar.The doubly chargtead spemxti eamn aegxt d ndiendd g «
t meegacdhareges can be ,mamOtndd| |wh esreep aar amoerde ¢ o mp
i s adtoptmaxi rBbulombiec at tr acitFidoma gheest weerech tt e
ammoni umThreepu.ni que geometries are found f
monodentat e, a b i-bdoeunnt dantge , s ffamnadc thaaj prr o tforna g me n't
pat hways are obser vEdand hteh eéBicbi 'oRttkei odio nopfu t HBI
standard Gi bbs bifndrimat icofieéfgfoeld® her dohél y c
species is foundati=o 2b eanad 1i0n3c.r2e aksdehsmotl@. 136 . 2
contrast, the standard Gi hfpsi bi hdund etonebegi &
mo'tah= 2 and decr e'dashes Rdor 1tdhde ksJi mwplly charged
tregmdthe doubl yxamnh dreg odwieply etide s fFobt ma tbieon of
the more favourable fragmem4.ati on pathway th

To investigate further the possibpHagdgeg of

ensemble, TWH MS and DMS dhxpesimghtys cwargedosms
found to havéha T)CSt’@F2NBWji th a relatively |
CCS value as a function a&af nelae dreamidnodl kace
with increasing sihnzlOthegi nseatde devitdrtee beetl | €
potential scbahgematsi otnhe chRodwi Ingn gtthhe iTnWl rMeS
exper iDiMSn tesx,peri ments were undertaken to atte
withinphasegaBoedenbdienchlak ané ea®gth twwohfeat ur e

8 8



be observed in the ionogram ffogattiree stimgt yp e
coincides wihadr gehce. adiimhdieighuaet t he doubl y charc
has fragmentbeMd itmtabms§epesntte the EFonghtphecha
|l onger di amd nw)a,l ktamreese (f eatures can be obser
feature iIis similar to the casemabhbtehebshove
and are believed to be pot entpihalsley etWse mdbil fef. e
assign the | argeshpeakgtgebmetthy, pwiottlont he

monodentate geometry based on the relative e

Fi ndlIRI®yx,per wmemtnspl et ed to elucidate the pot
in tipehagas ensemble. The uniqgUldemeanst fatagsre
presence afhatrhe gprsadiwaniunroca ld ka nHeadwegvtelr.,, due t
spectral congesti on, dsnoc adhi abgen odsettiecr mvi inberda tfioorn
The doubly char ged -esnpeercgi ye si swoinmehr af osri nagllle clhoaw
relatively sparse spectra thlhatmoalicgmaddowelk i o
An interesting obser vafbporno diuscta lcshoanfngeu n da nfdo r
product channel for ,t hwehediiBalfbiheegdBedeé @adanenclchs
more intense in'lddmparcedabtdo Ctr2ed®00ncmThis beh:;
i s ftoourbde di f f efigpnrto dfuocrt tchheaahthBe 0lr cemgh eme i s f o u |
to be more intenx%0dlfichm st hes bedieveaf t®» be ¢
dependence {kobamrdorgdBuFcuet uHBe sctouuwdplees MY wi t h | R
to potentially mobility select beforferl R int
di fferent peaks dmowrddiniome Ffoamobhpeamstudi es
BiX:19(X = H, Cl, Br, 1) spaciehetBtobsenuvesst.
t hiscanulgor medrdy B

Computati onal geometries are available throu

http://dx.doi .-bBgt/2D0. 19061/ i ochem
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http://dx.doi.org/10.19061/iochem-bd-6-420

TrChaptier 6
Concl usi ons

| RMPD and tandem weagsesse s petthmseoaesr yf er ent Cc
systteoemsel uci date their phiysscbehevhonecd@lh.eprcaper
oflepr otfdnuaotredhat ed propionic acids, we obseryv
fragmentation behagwieourRFofainnglee ptirmtagol i de
substituit$omieooidh t thlee maoii edziiog niildiyeincpaattt ust er

geometry,diowiennrgt hte@ sdhiigpnoglee Bsamn @& r-poineodonati or

i nt er atchtaitonst abilize .tThedi aai hnoBaf K asteudy er s

demonsthat educcessi y@r cawdms i@ Intox hteth g eCsHc | ust er
geometwiyt h one structur al motif being favour
specAssa s utimenardy  fcthemasmtslt e ms studied I n t hi
demonstr aitregl pmdppeeretsite s, int paactirmss goamred nt
structural changes within the gas phase <c¢cl us
To summahripzer 3, the family of t hveerdei f fer e
studavi ¢dh | RMPD and Clwappolnsdebrl el RMP x,e piatr at e i ¢
fluorinated propionitcetacifdsuoswph oasotnhe 8c¢iB

—+

etrafluoropropionic acid. We discovameaont ha
and HF elwiemiemrceaetsisambl e frasgment atdidon i pat hway h
se€@ ofssagment af i dhe'f ®HCOwWa i owma p aththegvagiccessi bl
for fluorinated propionic bxairbsonwi twheaebabuo
el imination pathway is onl y baccacrebsosni balned iaf fal u
bonded-ctad bom. At wagbseinkeregies,observe furth
HF el i mi nati ono. afTther dtilse olvessy off G@dleesmckew fr a
to the investigation of tha&ndortoldaicftommati ioome
or HF eliminati on.7plan cheveaso RMPDav ¢ lhrea FIC®O f or ¢
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as 3t,hdaerd fl uoropropiontet azfildsomaopr opeoBi 8, 8¢t
t hel@& s pwatslowady f avour abl e wutnrdiefrl uG®irDo faonrd tthhee
tetrafluoropropionic acid. Curiously, simila
2, -Ri fluoropropi omdiemoarcit dtalttegllceo mi ICd Mt fr agment
the | osbsutofl RMPD favours HHR saltiemiersdti in@gn .asTHhits
observe a significant di Df emeln Cd Di f off r asgnmad nt
boadnol exulTdhe transition st'atoersmagti muwc taunrde tfhe
el iminat iwalsopatdh way-foeememlpesreaudd or i ng structur e.
to investigate further the fragmentation be
fluorotel omers and fl uor oet hsfrosr tlheagtaasayr eP FCASSs
more interesting fragment sl rcaand diotrimo rw,i trho rde fs
required to el behdattetthbkbedir E€hsornngs in the
| RMPD andt €l Wer i fy-eirfgodiRc cfaonr bagd cnoovhd i snsk ydly
shewda hat exdmee ecd@de when examining complex P

analytical studies to account for unexpected

Il n chaptert Acel uls tdeirs cguesosneedt ry and the forces
di ffteriemzol i de and calmpaiex etmlee at(olr2®iTam d f M

[ M 124TOM = Na, K). Comparing t-threi a4 alsitcke (gld
and t hter ila,z20,14 de (124T) structure'y tbusher ant
wafsound that the triazolidsesaodwstbbdsl nkel oD Qe

i nstead formed unique compactedpesteucinareescs

and | one pair charge donation imherwa@8Ton. i
[ M 1258W) th a compact 3D struetand faofl ahéepotd
pl anar for the sodiated anal ogue. -h240dntras
and-148 T adopts a more open structure with | o0

met al cation. The bibAdA8BNgaeredeiBgTobhtddtresddi
hi gher than the potassi a-Heddafalnan ® ghhemdi Oy emd c
combi nati o-hobefmldanefdeKddr ngg torsi on modes c.

91



the regiofftofldS®mocmroth 124T and 123T clust e
partner. More studies wutilizing iIisotope | abe
origin of tweenseet bpmalda ctheastc bPFAt cmet hods. Hen
the reduction in symmetry by substituting C
of the cluster and t heniimtnerpadtri.ons bet ween

| €hapt eweb5 f totuhBad ftchaages compl exing with dian
f oHM-CH-NRB(N 2312r)esul ts in unigue geometry base
through | RMPD and ion mobility methBds. Doub
at different dj aai#n daNtCkiaHaNe+ 2 AHgmn=g tihls2 e r e
obserTvheed.t wo major fragmentatiidFnbwpBoawdyso t
be more favour abl e 160 nNuacrleedo pthoios té hcd rslo anseds | aafo r B
abstraction can be obser vedantdo Airn ttier#f cotr mwi[tBh
NJJ'andiF[+B ArC]l D and | RMRAMaI| JAé&r dBg me we & e tohma t
consecut i voer lloocssss ooff BBEFF. Thme2 sapdd @ublay kamar ¢
cl ustdacesmpgaeccd me i tpwapa x i mi Qau lt dastbti ch et weheen
BiFidcagesodarmd protonated terminus amine group
l ength doubl y dah acrhgaerdg ec |suesptaerrast eldaFiggeonnheyt ry,
interacts with one protonated amine group. T
for mEpHBN-CH-HN+HlWvefe®eund to have three unique ge
bi dent at e;s haard nag pgreocotnoent r y. Thdé hreomo ddrtsat € ed
Gi bbs energy c¢omphiaregd and bhboit dhelnpteaotsed nggd oymecthrayr.
cl usmeefresund d@ oCOR VEM=18D ?’m=21189gmeri c geomett
wem®t separable in TW MS but are separable o
(nO 8q)n. fact, twoouwledobsasetvpdakm=tiHe iwhreograsm
three distinct pealbs2.caOndeofsethe f dviast i nct
det ertmo nkhato ub | y acnhaalrdggesde oci at i ng | ndmectihes si n
during tmpasd MDMSI & dPD results of theddoubly

a single conformation. tFhoer uwvnhibgruget ngh gl changde
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prosbamitn® 7c®ulcdn observed across the differe
wasot possible to confidently deterwmene i f t
present-pihmsteh edngseesnbol especFualr eoe@ediipd #8ni on

mobility method to mobility seldeecttertniienei som
potenti al i somerpltasaraddureonn tthei gasef i nt
fragmentation behaviour and cluster geometry
cageae¥Xi? (B = H,.ICd ,geme rddd)e md rhdttdr essttracdv el pot ent
clustenidgagke ®ith other molecules or ions

geometries.

The studies presented 9 maclhllaing et hsetsri ugcl tdusriree m S
whet her it I s eiqu@andktdiiiatdiad n otno oad &3gyilgnd Haicrmanl ér
i mpd dhte s ypshtyesmécsoc hemi.dalr epromp,art heésens i n c
pr opevretoidetse nho@@t, g FEPO@ oducti on dependi,ng on f
signalling the nteoedprfoobre faunratéhosm.dzl8sd wsdyiusetseimosn (
froswl phonate HawaVvVegued) miRMRD omasd wit amdem r
spectrloenatey SO0 me open guestions regarding
behavHorurexamphe, case of fluguestteds pwepeon
regar di nlgRMMe tihseral ways an ergpoddnol prcotess of c
i f except i ofFust woaegkd wlc adesnov i seé oned Whibeh | echp | ¢
i sotopol ogues porfolteh et e hiadzenvtéidtteys nadfoband/ combi
Furthertmoe ecasde oafl ktBhie? dli asnt @io$ f etrheeh uisa eir n g
geomevira esBMPDt roscopydue tcol adgauggssitmionaro f
vi bration abonr mmoeiledplairpaginidodR tint ec o wgdsti isan i n
decongleRNRsDpggct ra and enabl i negl uunocafh@bsi egaurocuns s
| i ke tphriosvaivdee eper drecswrsmpaliionclodmgeésanstruct
infl ukepbgsi cophemectal es.
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TablAg Cal cul at ed vyndr aothisemrasled modes for t he

monofl uoropropionic aci d. Computati onal Fre
Frequencies dfYe reported in cm
Experi men ComputatioirVi brational Mode

Frequency Frequency

804 808 CQGWagging

894 881 CF Str eSccihs/sCoO i ng
1014 1004 CHF Twisting
1071 1070 b-CHt wi sting

1275 1287 CHUmbr el l a

1338 1357 CHUmbr el |l a

1646 1664 CQAsymmetric Stre

TablA2 Cal cul at ed andr aotbisemrasled modes fFor t he
monofl uoropropionic acid. Computational Freq
do not have a distinct feature orFrwemdernca egsal
are repdlrted in cm

Experi mentalComputationeVibrational M

N/ A 837 CHTwi sting

942 942 CHRocking

N/ A 1031 CF Stretch
b-CHWagguUalg/

N/ A 1308 Twi sting

1338 1351 CHWagging

1659 1649 CQAsymmetric
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TabhAz Cal cul abédenrndd ati onal modes foer t he
di fl uor oprForpeiqouneincc iaecsi ddtr e reported in cm

Experi men

Frequency

ComputatiortVi brational Mo d e

Frequency

773

899

1127
1160
1169
1349
1679

771 CQWagging

909 CHTwi sting

11109 CEAsym Stretch
1159 CEWagging

1177 CESym Stretch
1357 CHUmbr el |l a

1688 CQAsymmetric Stre

TabAd4eCal cul
experi ment

Experi men

Frequency

atedfandtbesedepadt dh aaitoedp3 op3,on3 c
al frequency for the asymmetric st

ComputatiotVi brational Mo d e

Frequency

737
833
1058
1184
1250
1265
1334
N/ A

753 CQGWagging

853 CQSci ssozWarmg@g/i QH
1061 CF StreWadqidi rCH
1202 CEAsymmetri coTWt @
1239 CBUmbr el dTavi s€CHng
1249 CEBUmbr el WalggCHGg
1336 CBUmMbr el JdSa/i sGHr i r
1680 CQAsymmetric Stre
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TabA5Cal cul at ed vanbdr ad b Kearadedmot i on f o t he

tetrafluoropropionic

aci d.

Experi men ComputatiortVi brational Mo d e

FrequemMcy FrequeHMcy

(

759 769 CQScissoring

835 808 CQWaggi ng

1023 1090 CEH Umbrell a

1081 1101 ] CEAsymmetric Str
1110 1132 ] - CESym Stretch
1216 1192 CEH Wagging

1323 1319 CH rocking
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TabAeCal cudrad edbwielsvatdi onal motion f o t he
tetrafluoropropionic aci d.

Experi men ComputatioitVi brational Mo d e

FrequemMcy FrequemMcy

(
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767
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1089
1162
1251
1319
1695
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59

083
095
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2472
305
710

P R R RRPRRNO

CHF Twisting
CEBSym StrStcc 8500 i
UCF Stretch
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b-CEWaggi ng
CEUmbr el | a
CEAsymmetric Stre
CQAsymmetric Stre
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TablAg. Cal cul ated amnidbr abisemaled moti on for
pentafluoropropionic acid.

Experi men ComputatiortVi brational Mo d e

FrequemMcy Frequemcy (

714 705 CQWagging

768 770 CQScissoring

987 982 CEUmbr &CEWaggi ng
1142 1135 UCFAsymmetric Str
1158 1144 UCF Symmetric Str
1197 1202 b-CF Asymmetric St
1281 1280 CEBEUmbr el dSyy/mm@®@ r i ¢
1716 1730 CQAsymmetric Stre
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Tabl3RkeB ati ve energychafweenatt mensdiofff ¢.hentsi ng

Energies are reported in kJ/ mol

Conf bl e O CEpe oW oS 0GA
2, monode 18. 0 17.9 18. 8 2.6 16. 2
2, bi dent 18. 1 18. 0 18. 9 2.5 16. 3
2, psbaopio0. o0 0.1 0.0 0.1 0.0
3monodent36. 2 34.9 37.0 6.3 30. 6
3, bident 34.0 33. 3 34. 8 4. 3 30. 5
3, p-s baporo. 0 0.0 0.0 0.0 0.0
4, monode 29. 4 25. 3 27 .7 8. 2 19.5
4, bident 12.1 10. 1 11.7 3.8 7.9
4, prsohtaorni 0. 0 0.0 0.0 0.0 0.0
5 monode 35. 3 30.9 33.5 9.0 24.5
5, bi dent 34. 3 32. 2 34. 4 5.1 29. 3
5 peErsohtaorni 0. 0 0.0 0.0 0.0 0.0
6, monode 43. 8 37. 2 40. 8 12.5 28. 3
6, bi dent 39. 7 35. 2 38.0 7.5 30. 6
6, pFrsohtaorni 0. 0 0.0 0.0 0.0 0.0
7, monode 46. 5 40. 8 43.9 10. 2 33.7
7, bi dent 43.5 40. 3 42 . 2 4.1 38. 1
7, prsohtaorni 0. 0 0.0 0.0 0.0 0.0
8, monode 37. 9 32. 8 38. 4 16. 3 22. 2
8, bident 22.9 19. 4 23.9 10. 6 13. 14
8, pErsohtaorni 0. 0 0.0 0.0 0.0 0.0
99 monode 20.0 16.7 17.9 11.6 10. 3
9bi dentati1i. o0 0.0 0.0 3.9 0.0
9, persohtaorn 0. O 4.0 1.3 0.0 5.3
100, monode36. 4 28. 2 32.2 15.5 16.6
10, bi dent8. 5 5.0 6. 8 3.8 3.0
10, p rsohtaorr0. O 0.0 0.0 0.0 0.0
11, monode25. 1 15.5 17.9 11. 38 8.5
11, bident6. 7 1.7 4.9 7.3 0.0
11, prsohtaorr0o. 0 0.0 0.0 0.0 2. 4
12, monoc35. 6 31. 8 33. 6 12.7 23.0
12, bi dero. o 0.0 0.0 2.1 0.0
12, psrhoatrco. 3 3.7 1.9 0.0 4.0

150



Tabldeer®t on af fpihmistey baarsd cgasy of MNHECGHWEBUtral d

(n= -122) . Energies dtr e reported in kJ mol
n Proton Affini Gaphase ba
2 -923.43 -915. 85

3 -929. 23 -921.15

4 -931. 29 -922.95

5 -932.92 -924.51

6 -933.65 -925. 22

7 -931.53 -923.13

8 -932. 46 -924.05

9 -933.02 -924.63

10 -933.54 -925.16

11 -935. 35 -926. 88

12 -934.20 -925. 82

Tabl®2.PBot on af f iprhiatsye amdsi gasty of t he doub

[N2H ( QRN B+ H](n= -122 ) . Energies dtr e reported in kJ |
n Proton Affini Gaphase ba
2 516. 08 506. 55

3 600. 75 591.62

4 661. 52 652.56

5 -705. 24 696. 32

6 -739. 02 -730. 11

7 -766. 97 -758. 13

8 -787. 009 778. 22

9 -803. 25 -794. 38

10 -816. 54 -807. 63

11 -826. 75 817. 79

12 -836. 83 -827.92
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TableeBiBhdi ng

e dorugy yf corh ay igeldd iddlgisi@nst ed

l ength of the diaminoal kane
Cluster DEeec DE;pe DH DS DG A
[ 2{FB) #H(NeWNH+ ZW][ 0B} H(NWNH+ 'HY
n 2 199. 0 180.5188.4 85. 2 103.
n 3 202.8 180.7180.0 66.1 113.
n 4 189. 7 168.4167.0 62. 3 104.
n 5 176.8 157.9156. 6 60. 5 96.
n 6 192.1 172.5171.6 62.5 109.
n ~ 186. 7 168. 1167.1 61. 4 105.
n & 197.2 178.1177. 2 62.1 115.
n 9% 194. 0 175.1174.1 62. 3 111.
n I 201.8 182.2181. 3 62.9 118.
n I 202.3 182.0177.1 54. 8 122.
n 229.8 211.7217.6 81.4 136.

Tabl7eBiBhdi ng energy for the

l ength of the diaminoal kane

Cl ust DEe i ec DE; p e DH DS DG A

[ 2{FB) H(NpWNH+ ZH][ 0B} #H(NDNH+ 2HLE S
n 2 345.4 341.2346. 8 79. 6 267.
n 3 322.0 316.4312.9 58. 2 254.
n 4 258. 7 257.0252.6 52.14 200.
n 5 233.6 234.4230.6 50.9 179.
n 6 219.8 220.9216.5 49.9 166.
n ~ 204.1 205.9201.6 49.6 152.
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213.
187.
193.
195.
202.

0o © N W BB

215.
190.
195.
198.
207.

2211.
4185.
3190.
5194.
22009.

N N 00 N DN

49 .
47 .
49 .
4 8.
6 5.

N © O O ©

161.
137.
141.
145.
144.

Tabl 68 CB mputbéddi ng )
[ BEiztHoN( QRN H+H], di s s oci &Nt iGgH+# ohl B,

enehgi emonfodrent at e

|l engt Miafmitnlfbeal kane.

denot ed

Cluster DEeiec DE; pe DH DS DG A
n 2 244.2 223.6 223.1 53.7 169. ¢
n 3 246.5 225.8 225.3 55.38 169. !
n 4 243.2 223.3 222.9 56.2 166. ;
n 5 244.9 224.9 224.4 56.3 168.
n 6 243.9 224.0 223.4 56.9 166 . ¢
n ~= 245 .4 224.9 224.1 57.9 166.
n & 243.9 223.6 222.8 58.0 164.
n % 244.7 224.4 223.5 58.0 165. !
n =0 243.3 223.6 222.7 57.8 164. ¢
n =1 241.7 222.8 225.9 66.3 159.
n =2 243.0 223.4 222.5 58.6 163. ¢
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Tabl e9. GBmputed binding ebiemd iag £ fcomf otr ma
[ BFEiA+HN( QiNHB+H], di ssooN(@@hNmg HBL5H denoted by t
|l engt i afmitntbea |l kane.

Cluster DEiec DEpe DH DS DG A
n = 2 244.2223.5 223.0 53.8 1609.
n = 3 248.8227.3 227.5 57.8 1609.
n = 4 260.5238.5 238.9 60.6 178.
n = 5 245.9223.6 223.5 60.3 163.
n = 6 248.0226.0 226.2 61.9 164.
n = 7 248.4225.3 225.8 64.0 161.
n = 8 258.9237.0 237.3 63.7 173.
n = 9 263.7241.1 241.4 65.6 175.
n = 10 271.1246.8 248.1 69.5 178.
n = 11 260.1236.6 238.9 70.8 168.
n = 12 278.6 255.2 256.1 69.2 186

Tabl a0 Gomputeadi ng ener gi e-s hafr
[ BRiz+HoN( GQRNB+H], di s s ooN@@hiNtg tHB b
| engt Miafmitntoeal kane.

mg t ltce n fporrontac
denoted by t

=]

Cluster DEeiec DEipe DH DS DG A
n = 2 262.2241.5 241.9 56. 4 185
n = 3 282.8260.7 262.3 62.1 200
n = 4 272.6248.6 250.6 64. 4 186
n = 5 280.2255.8 257.9 65. 3 192
n = 6 287.7261.2 264.2 69.4 194
n = 7 291.9265.6 268.0 68.1 199
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n = 8 281.9256.4 261.2 74. 2 187.
n = 9 264.7237.1 240.1 69.6 170.
n = 10 279.7251.8 254.9 73.3 181.
n = 11 266.7 238.3 243.8 78.1 165.
n = 12 278.3251.5 254.1 71.3 182.

Tabl d1. Bomput ed bindingdg heenemogqioads ntfadtre conf
[ BRiotH:N( QRN H+H]di ssoci aN(iQky Bt )+ (BLs, denoted by
the | enditdamiodfodlhleane.

Cluster DEeie DEpe DH DS DG A
n 2z 621.3 615.0614.7 54. 9 559.
n 3 617.4 611.6611. 2 56. 5 554.
n 4 612.0 607.2606. 7 56. 6 550.
n 5 611.9 607.1606. 5 56. 7 549.
n 6 610.1 605.5604. 8 57 . 2 547.
n ~ 613.8 608.5607.7 58. 2 549.
n & 611.3 606. 3605. 4 58. 3 547.
n % 611.5 606.5605. 6 58. 4 547.
n =0 609.5 605.1604. 3 58. 2 546 .
n 1 606. 0 602.6605. 6 66. 6 539.
n =2 608.5 604.3603. 14 59.0 54 4.
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Tabl el2. Bomput ed bindingthenebigdiest att®er conf
[ BEiz2tHoN( QRN H+H]Jdi ssoci aN(iQky Bt )+ (BLs, denoted by
the | enditdamiodfodlhleane.

Cluster DEejec DE;pe DH DS DG A
n 2 621.3 615.0614. 6 55. 0 559,
n 3 619.7 613.2613. 3 58. 5 554,
n & 629.3 622.4622.7 61.0 561 .
n 5 612.8 605.8605. 7 60. 6 545,
n 6 614.2 607.5607.6 62. 2 545,
n = 616.8 608.9609. 4 64. 4 545,
n & 626.3 619.7619.9 64.0 555,
n % 630.5 623.2623.5 66.0 557.
n =0 637.4 628.3629. 7 69.9 559,
n =1 624.4 616.4618. 6 71.0 547.
n 12 644.1 636.1636. 9 69. 6 567 .

Tabl @83 GBomput ed bi ndi ntgh e e nperhogtroere g f ot
[ BEiztH:N( QRN H+H]Jdi ssoci aN(i Gk Ht Y (Bud,deno
by the |l ength of the diaminoal kane

Cluster DEejec DE; e DH DS DG A
n 2= 639.3 632.9633.5 57.5 576 .
n 3 653.7 646.5648.1 62.8 585 .
n & 641.3 632.5634. 4 64.8 569 .
n 5 647.1 638.0640. 1 65. 7 574.
n 6 653.9 642.7645. 7 69. 7 576 .
n = 660.3 649.2651.6 68. 4 583.
n & 649.3 639.1643. 8 74.6 569 .
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n % 566.4 559.8558.0 57.9 500.
n =0 572.4 566.2563. 6 58. 8 504.
n 1 562.5 554.7554. 6 63. 8 490.
n =2 555.3 550.5547. 3 56. 4 490.
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