Lecture 3:
lonization Techniques — Part ||

ClU- Boulder
CHEM 5181

Mass spectrometry & Chromatography

Taught by 5. Kato / Slides from J. Kimmel
Fall 2009

Electrospray lonization
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=Afmospheric pressure ionization "
=Enables MS detection of large, non- o +__' :
volatile molecules (e.g., proteins) with no — ol Lk )
fragmentation (—Mobel Prize 2002) W g i

wSearch "ES-MET = 13,000 articles
sFenn's 1885 A Chem paper cited 245 times L I
=L iquid elutes through a high voltage tip

=Coulombic explosions yield a continuous
mizt of bare, gaz-phase ions (positive or
negative)

=Conveniently coupled to liquid separationz

Harwo biscive oom

«haracterized by multiply charged ionz




Electrospray Mechanism

=An electrolytic analyte solution is pushed
through the conductive end of capillary (id
10-100 um} at very kow flow rate (0.1-10

uLfmin} held a few mm from the enfrance of
the MS

~High potential (2-4 k') induces a strong
electric field (10° — 107 Vm'}

=Far positive field, cations will move
towards the liquid surface and anions will
move towards the conductve tip.

-Repulsions between adjacent cations
comibined with the pull of the cations towards

the grounded MS inlet cause the surface to
expand mbo a so-cslled 'Taylor cone.’
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Soval & Terg ~han i, e, edid=-ia

ESI Mech (con't)

EBalance induced E field and surface tension of
ligpuid

Tip of the cone elongates nto & filament, which
breaks up and emits a stream of charged droplets
towmrds the inlet of the mass spectrometer.

Evaporation of solvent from the droplets increases
the charge density.

Af the '"Rayleigh limit," repulsion between cations
equal surface tension, causing 'Coulombic
explosions’ that producs even finer droplats.

This process of evaporation and explosion repests
undil fully desolvated ions are released.

The release of ions ooours esther by repeated
fission events until total evaporation of the sofvent
(Charge Residue Model) or by direct ion emission
from & charged droplet (lon Evaporation Modeal).
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ES| Mass Spectrum
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High charge states make m/z - I |
practicle for most mass analyzer , 104+
types. A R O O S
2 can be determined by isctope w ol il
distibution or sequence of peaks | ”
(see section 1.8.1 of De Hoffmann | Ifl.H
amnd HWW#2) i o m:e 3
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ES| Source Design

E 5l source must:
1. Mowe ions from solution to the pgas phase

2. Transier the gas-phase ions from atmospheric o e | -
PrESSUre to Vacuwm [| %) | i
3. Yield ion beam with maximum current and —l L
minirmum kinetic ensrgy distnbution e -~
H ",__I-
On 1. s 1T
«  Gtsble spray requires. wser optemizaiion »-
= High flow rates may require nebulizing gas to fomn
droplets ]
On 2 —A e
= Heaated drying pas + capillary encowags S
desclvation, and limits solvent anahte-adduct D20 000 T
formation during expansion -
= Pumping speed places practical limit on size of R
entrance re
«  Transier of ions between of decraasing
pressure can resultin 3 bon koss on the
order of four to five orders of magnitude
On 3.
= Hamessing expansion Flanga Casabdaradaes & 7. Gadem, by Clicraps

»  Constant Vielocity = high E distnbution rizazan Lade dpecravan TR, fa, T




