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~13.6 bYr

A singularity occurs



~13.6 bYr + 2 psec

Mass spectrometry begins



~13.6 bYr

Solar system forms; local
I . .
~ 4.6 bYr production of ions

The Natural State of Matter is lonic

lonian Sea



~13.6 bYr

~ 4.6 bYr

Crookes, Rontgen, Wien, Thomson

1870 -present  Fjrst artificial production of ions



Origins of Mass Spec: 19t" C Physics
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Mass Spectrometry Moves across the Disciplines

Questions:

Nature of matter
Natural processes
lon chemistry
Chemical analysis
Biomedical systems

NHhwhnE

Biology 1990 icine 2012

Material Science
1955

Physics

1910 Earth & Atmospheric

Sciences 1938

Chemistry
1945



Ma'|or Impacts of Mass SEectrometrx ‘ToE 10!

Atomic structure

Thermochemistry

Isotopes and tracer studies

Environmental sciences

Proteomics & lipidomics & metabolomics
Drug discovery

Physical organic chemistry

Toxicology

Surface analysis & modification

Natural products chemistry & Cluster science



Driving Forces in MS: Higher Mass
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Transition to Biology

PDMS Amazon frog toxin
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Singular Discoveries in MS

Mass electron Thomson
22Ar Aston
Double focusing Nier
Appearance energy Stevenson
CH:* (1%t ion/molecule reaction) Talrose
Metastable ions Condon
QET (unimolec. rxn. kinetics) Rosenstock
lon trap Paul
(H,0) H* (lonic equilibria) Kebarle
Solvation & acidity/basicity Brauman

Top 10 through 1975
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AV e (Bieed Natural Products -- Long ago & Far Away

Using a chain saw, biologist + land rover
gave 8kg bark, which was pulverized, extracted with chloroform,
Extract was chromatographed on 25¢cm diam column on cellulose
then on Al,O; giving 1,5 g impure alkaloid mixture

Structural analysis by oxidation, reduction, Hoffmann elimination, to n
avail. H S—S H

Cassipourea
(mangrove)

Photographer: Margo Davis



lons as Surrogates for Neutrals (1976)

Neutrals Soft lonization lons
M;, M,, ..., M_ ' m,;", m,y, ..., m 7"

Mass
Separation (MS 1)

+

MS/MS Mass Analysis rEp
Spectrum S m ot om
(MS 2) pl 7 *'p2 7

Kondrat and R.G. Cooks, Anal. Chem., 1978, 50, A81



MS/MS (MIKES) plus gentle ionization
molecular ions are surrogates for neutrals ---
So complex mixture analysis

MAGNITUDE ~—»

S/N
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N Select m/z CID Scan
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Cl soft
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Complex mixtures— Soft lonization + MS/MS

MS/MS

Product lon Scan
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Scan CID Select m/z
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Cooks and Kondrat, Anal. Chem. 1978:
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lonization Methods : Time Line

El Cl DI S

Desorption chemical ionization (DCI) 1974 -~ s

Thermospray ionization (TS) 1980

ElectrOhydrOdynamiC ionization (EHD) 1973 "J“ "‘“ “.“ Electrospray ionization (ES') 1984

Soft Ionilation

Laser desorption (LD) 1968 .
‘ MALDI .. 2004 >
. n o n ol 9o | Ambient
Electron impact Chemical ionization (Cl) 1965 | “. %% lonization
(E1) 1929 W R R h % :
Gaseous discharae 1898 | oo 1R DESI
., . ST . -‘“." 2004
Surface
’ ionization
1918 l
L \

1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2004 yr



Ambient lonization Mass Spectrometry

Ambient MS

* Direct analysis of ordinary objects in native environments
 Two processes....sampling and ionization

* No sample preparation

e Analyte ions - not whole sample - into MS

* lonization in open environment Analysis of complex condensed-phase samples

Ambient
ionization

1s
Timescale: Traditional vs. Direct Sampling Raw 1-60s -
and lonization by Ambient lonization MS sample analysis

1-3 h

Extraction

AMBIENT MS

emple lon Mass
Analyzer
Source 3 Yy 3 Detector

in vacuo




Ambient lonization Methods




Point-of-Care Analysis

Whatman filter
3to4 90/10 MeOH:H,0 paper

Paper Spray v

e MS

1cm

Actual Image

amitriptyline : [2H6]amitriptyline

o L L L L
0 100 200 300 400

amitriptyline blood concentration (ng/mL)

Wang, H.; Liu, J.; Cooks, R.G.; Ouyang, Z., Angew. Chem. Int. Ed. 2010, 49, 877-880.
Liu, J.; Manicke, N.; Lin, J.; Cooks, R.G.; Ouyang, Z., Anal. Chem. 2010, 82, 2463-2471.




IS Coated Capillary Sampler — Making Ambient MS Quantitative

Paper Spray Low Temperature Plasma

L

w e
o o
o o
o o

Measured con. (ng/mL)
S
o

10001

Desorption Electrospra
Ionization

Discharge Gas
< 0.1 l/min

Paper spray MS/Imatinib in blood b) LTP MS/Atrazine in river water C) DESI MS/Cocaine in Urine

£ 500 £1000 -
200 > y = 0.9613x - 2.5205 / > y = 0.9568x + 2.7567
{ 100 < 800+ R? = 1.0000
O 1 T T T C.
== RSD <4.8% i
.070 3
y=0980x+0.004 =" = 400+
2
R? = 1.0000 S 400 © 200
= =
T T T T 0 "l T T T T T 0 T T T T T
0 1000 2000 3000 4000 0 100 200 300 400 500 0 200 400 600 800 1000
Theoretical con. (ng/mL) Theoretical con. (ng/mL) Theoretical con. (ng/mL)

J. Liuetal, AC 2013
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Paper Spray MS
9 Drugs in 90 sec. voig

Area Ratio

= )
T

[EN

ol

?\\\\

e 3injections of 5 uL

e 20 SRM transitions Compoun

[

0

solvent on top of
12 pL blood spot

per (analyte & int.

std.) @ 75

msec/transition
» TSQ Quantum

Cocaine
R2 = 0.9995

Osec 10s 20s
Ti mq' | |

200 400 600
ng/mL

Espy, Bas, van Asted, et al

800

1000

3500V
F 2500V
CID 1.5 mTorr
Pressure e -
Amphetamine
Methamphetamine
GHB MN[I)[::A Morphine
MDEA
Cocaine
Compound (rC‘:;cr:‘:) LOD (ng/mL) Calli;;r;’tsion
Amphetamine 1.5 2-6 %
Methamphetamine 0.3 1-5%
MDA 1.6 3-12 %
MDMA >0 0.04 1-11 %
MDEA 0.3 1-3%
Cocaine 0.05 1-3%
Morphine 20 12 1-10 %
GHB 10,000 78,000 3-14 %
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Five injections of 15 µL solvent behind the blood spot (slowly)
THC requires a unique solvent (25 mM sulfuric acid) and may be used successively after the normal solvent
Using cartridges with the QuantIon source
Methanol/Dichloromethane/Hydroxylamine (80:20:0.1)




Touch Spray for Direct Microorganism Characterization

E. coli C. albicans Rickettsia e Staphylococcus a.
- e Salmonella
ﬂ‘
#. 7 e C. botulinum
AN e M. tuberculosis
[ 1. Touch } 3105 kV ‘ [ 2. Spray } o ‘
W" L . i . e ° ...,-.-' e o MS
“"\w R —— - < ‘,}"’ i .: o B Inlet
S, ¢ A
' T
100 -
Phosphatidylglycerols Staphylococcus a.
275 5 “—> 1.7 x 104 CFU
2, | | Fatty Acids g R 2
% —
g5 g% B
0 500 400 600 800 1000 1200 1300
m/z 25

A. Hamed, A. Jarmusch, R. G.

Cooks, unpublished



Genus Level Differentiation: Paper Spray
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Paper Spray MS: Quantitation

Amitriptyline Detection vs Concentration using Prespotted Internal Standard

25

r’=0.9936

15

0.5

amitripryline / amitriptyline d6é (AUC)

0 50 100 150 200 250 300 350 400 450 500

Amitriptyline concentration (ng/mL)

Prespotting internal standard onto the paper gives quantitative results

Actual concentration (ng/mL) 089 4.4 89 44 88

Average calculated concentration (ng/mL) 093 49 83 42 84

Imprecision (%CV) 22% 9% 10% 11% 7%
Accuracy (% bias) 5% 10% -6% -4% -5%




In Situ Analysis of Agrochemical Residues by Leaf Spray

Orange Flavedo (Navel)+2ul MeOH

—— Vegetable |IER (a) Organic e &
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Naim Malaji, et al., Anal. Methods, 2012, 4, 1913-1919. 28



Hidden messages in paintings displayed by DESI-MS

1.1in >

0.7 1n

1 Before the 2" run

After the 2" run i

2-year-old painting
reanalyzed by DESI-MS The sl.'nafrk a.nd the MELETG Each element in the painting (volcano, lava, sky,
imaging not visible in the painting waves) shows characteristic ion images

» Art painting conservation analysis Images

» Non-destructive
Molecular mapping adds information not detectable by analysis



Tissue Analysis : Metabolite Profiling

a) Line Scans b) Tissue Imaging

Signal ratios from MS Image construction

Abundance of Phosphatidylserine in
3 Human Liver Adenocarcinoma

Tumor margjn * e n

log (abundance ratio of m/z 788 : 448)

m/z 448

0 5 10 15 20 25

Lateral distance (mm)

Justin M. Wiseman, Satu M. Puolitaival, Zoltan Takats, R. Graham Cooks, Richard M. Caprioli, Angew. Chem. 2005



. iV ERIR]1 RTAS)
E Human Brain Cancers 5

 Over 125 types of brain tumors - complex to diagnose
e Mean survival 12 - 15 months to some years

e New cases (US): 22,910 /year, deaths: 13,700 /year
 Neurosurgery is the primary treatment

e (ritical decisions made during neurosurgery

Need: Improved intraoperative diagnosis of tumors & margins One
Answer: Direct tissue analysis! — Molecular histology using Mass Spec

Advanced Multlmp“:ge Guided Opetating (AMIGO) Suite
P41 RRO19703 — National rImage Gghﬁrherapy (NCIGT) 2005-2015 W\, _ '
Ferenc Jolesz, MD Clare@mpany, MD i T e 18 -3 " 31



Human Brain Cancers

" 1. What the pathologist sees :

oo, 2552 cancer + cancer m/z 788.8
885.3 -—-
875 265.2 + norma_ '
834 -~ N
2 311.2 8382
§25 339.2 799 550.2
. 1085587 “ ) - L
200 300 400 500 600 700 800 900 1000 1100

m/z

Concentration

L.S. Eberlin, I. Norton, et al Cancer Research, 2012, 72, 645



Lipid Metabolites for Disease Diagnosis & Prognosis

2- HG 2-hydroxyglutarate
O O

¢ ¢

—O/ \OH m/z 147

guide brain surgery  [Purdue University, Harvard Medical School]
Sandro Santagata, Livia S. Eberlin, Isaiah Norton, Jennifer L. Ide, Daniel R. Feldman, Xiaohui Liu, Joshua S. Wiley, Shakti
Ramkissoon, Daniel A. Orringer, Kristen K. Gill, lan F. Dunn, Dora Dias-Santagata, Keith L. Ligon, Ferenc A. Jolesz, Alexandra

J. Golby, R. Graham Cooks and Nathalie Y.R. Agar, unpublished

Metabolite-imaging mass spectrometry



Metabolite-imaging MS to guide brain surgery

2-HG pos. tumor 147.2 2-HG neg. tumor
125.1
110.1 125.25
164.1 M187 2 N
) A l\A J\ A AJL ]\ L, A
100 150 200 100
m/z m/z
(@) (@)
100 ® 129 /g g\ 100- @ 85 129
g © VT OHy 1 |,miz 147
5 \1/ m/z 147 H g 101
% 0] O 147 g 50 \1, m/z 129 | <oefeas - CQO,
: ~H,O 5
950 ' 100 iz 150 %50 100 miz 150
m/z ' m/z '

e D10

SCOTr§
-

| Sandro Santagata Livia S. Eberlin, Isaiah Norton Jennlfer L. Ide, Daniel R Feldman, Xiaohui L|u JoshuaS
Wiley, Shakti Ramkissoon, Daniel A. Orringer, Kristen K. Gill, lan F. Dunn, Dora Dias-Santagata, Keith L. Ligon,
Ferenc A. Jolesz, Alexandra J. Golby, R. Graham Cooks and Nathalie Y.R. Agar, unpublished
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Miniaturization: Towards the Chip Mass Spec

...........

Hl
T
LENENEEE
B %]

[ m
]

1cm

Matt Blain, Sandia

t«,z'
o h“u
G | .

Weight Loss Program

36



Paul lon Tra

Wolfgang Paul

Quadrupole lon
Nobel Prize 1989 Trap




lon Trap Simulation Procedures

3D field solver
(HFSS, FEMLAB)
| —
Inventor, SolidWorks POISSON, FEMLAB, HFSS
E.. E,, E,files
Prototype 3D lon Trajectory
Revision SIMulation (ITSIM)
Phase Space Plot in Z Direction
g  Simulation/ FEMLAB solver 146

Stability Diagrams

.||'|J||| - i -
Eimj ' 80 90 100 1 I'] ] II 120 130 1 A'1|:|I 1 .é:::l—'IEiD D eS I g n G u I d e I I n eS

m/z {Thomson)

Z Position [mm




Optimization to the Geometry of RIT

2.0

Peak Intensity
|_\
()

1.4

Peak Intensity
(@)
u

Xp=5.00mm, y,=5.00mm
AC: 478 kHz, 3.4V

80

m/z (Thomson)

90

91

W

Xo= 5.00mm, y,= 4.20mm
AC: 503 kHz, 2.9V

92

N,

90
m/z (Thomson)

100

100

Peak Intensity
o
\‘

1.4

91

Xp=5.00mm, y,= 3.80mm
AC: 507 kHz, 0.1V

N

80

2.0

Peak Intensity
=
(@)

90

m/z (Thomson)

Xo= 5.00mm, y,= 3.80mm
AC: 388 kHz, 1V

91

i

80

90

~_\

m/z (Thomson)

100
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Mini 11 Mass Analyzer

Manifold

Y-Electrode

GDEl

Vacuum Manifold Atmosphere

RIT Z endcap Pinch Valve

J
1/1§" SS 1/16" SS capillary
capillary ID 0.250 mm
ID1mm Length 100 mm

Multiplier Length 50 mm

40
Constant z electrodes voltage




End Users
(not Analytical Chemists)

Extraction Mini 12
NaonESI

Paper Spray £ DAPI

(Discontinuous API)
LTP /E

DESI

Mini 11

Mini 10

Ambient lonization Mini MS



Miniaturization of Pumping System

a

=
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=
Q
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Pressure (Torr)
=
e
w
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Q
H

Figure 12

1 Torr 103Torr 105 Torr @
4 * % 0l tug00 1
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VY )
251/s 300 I/s 400 I/s
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650 I/min Turbo Pump
650 I/min Rotary Van
. - Pump X 2
lon Introduction
o —
—
MS Analysis
1 2
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b

Pinch Valve i
. W 1| GDEI
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min <11l/s
| F—

s Turbo

5L1s



Backpack M$S with Handheld LTP Sampling Probe Mini 12

A N « =y - e f.k
: @ E—— | -
i o - — // y |
8 P < E - |
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L | . |
e




Coaxial Low Temperature Plasma (LTP) on Backpack I

He supply

DAPI valve

lon transfer
capillary support

Co-axial
LTP probe

[M+N03]

m/z378

m/z316

Mol. mass =316

W IR o

o 1 T 1T 1 1 1 1T 1T 1
100 150 200 250 300 350 400 450 500 550

m/z

1 ug Pentaerythritol tetranitrate (PETN)

1 pg pentaethythritol tetranitrate (PETN) ionized from a surface (negative ions) using a

low temperature plasma and analyzed using a backpack mass spectrometer
Paul Hendricks, et al Analytical Chemistry, in p



Pinch Valve

End
Electrode |

Multiplier

1. Prejonization

Il.lonization (ion transfer allowed)

15-30ms

Expert system

111. Cooling, 250500 ms
S

.h-"

S g
N el |

Novice GUI

Mini MS Diagnostic System v. 1.0
for Purdue Mini 12/Quantion

Patient #: 10342
Imatinib in human blood

30 ng/mL

connected. tray closed m

Linfan Li, et al Analytical Chemistry, in press



Analyte Detection/ID - SWIFT PURDUE

UNIVFI]ISI'I‘V

B 0 bt Contral 2535 T T—

5o Setrgn | M O | Gragh | Catboten| 5 | Fawr | Lo T O LI e e T
St Evveior: Heich

e 80 - 90 kHz notch
e 2V amplitude
o 2 SWIFT cycles

RIT Mass ¢
Analyzer

i 81.7 1187 176.7 2327 288.7
ugel n 187R TR0 RRZR TROO
TH3i2011 12:88:01 PM Negative lon Detection File: TNT isclation high intens 2Single



e One drop of blood
60 second analysis of biological samples
 Portable MS

He Wang, et al. Angew. Chemie International Edition, 2010, 49 877;
Nicholas E. Manicke, et al. Int. J. Mass Spectrom., 2011, 300, 123

Rel. Intensi

100 200 300 400
miz

6. Report Results
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DESI Mechanism

Droplet pick-up: A (surface) = A (solution) - A*(gas)

Laser Doppler
Anemometry

by

Venter, Sjoka, Cooks,
Anal. Chem. 2007
‘ Costa & Cooks, 2008
MS

Simulations w/o
Electric fields

Velocity Magnitude (m/s)
18.5 37.0 55.5




Importance of Bursting Bubbles

Chemical Separation upon Bubble Bursting

DOM from sea surface moves into atmosphere via bubble
bursting. This involves adsorptive bubble separation leads to
preferential concentration of surface active compounds in the

bubble jet droplets. ca. 10"°bubbles per second — large
quantities of functionalized hydrocarbons go into air.

Phil. Schmitt-Kopplin et al. Biogeosciences Discuss., 8, 1-27, 2011
www.biogeosciences-discuss.net/8/1/2011/

www .blogeosciences. net/10/1583/2013/

This mechanism might also lead to prebiotic cells - Barny Ellison
Christopher M. Dobson, G. Barney Ellison, Adrian F. Tuck

& Veronica Vaida, PNAS, 97, (2000) 11864 —11868
“Atmospheric aerosols as prebiotic chemical reactors”




®
MS Synthesis: Nanospray Girard T/Benzaldehyde

a) 1 h bulk solution-phase (Benzaldehyde + Girard T in ACN 1000 ppm)

132

o 100

(&)

[

@

@)

[

=}

< 50

()]

=

© 221

©

g 249
o T e S e
100 300 500 700

m/z

b) <1 min Reactive DESI (5 uL/min 1000 ppm benzaldehyde)

\ 10 132
220
50
M i 249 Abraham Badu-Tawiah;
1

00 300 m/z 500 700 Thomas Mueller
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MS Synthesis: Claisen-Schmidt Condensation

C-C bond Formation\
o)

Thomas Miiller, Abraham Badu-Tawiah, R. G. Cooks, Angew. Chem. (2012)



Spray Synthesis: Claisen -

Schmidt Condensation

SO On-line MS Synthesis & Analysis
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On-line MS Synthesis & Off-line TLC Analysis

\
TLC
4 kV /\ Plate
Rk —
\ o

Traditional bulk-phase reaction: 1 hr

Benzaldehyde
(starting material)

Spray synthesis “spotting time”: 30 sec

Indanone
(starting material)

Ryan Bain, Chris Pulliam
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MS Synthesis: Undergrad Organic Lab

Ryan Bain, Chris Pulliam



Rapid Survey of Substituent Effects on Claisen-Schmidt Reaction

chu

* Paper spray reaction : instantaneous

e Plot MS measure product/reactant
peak intensity vs Hammett sigma to
study substituent effects

e Suitable for sophomore organic lab

Rxn Mix.

Bulk Off-line Synthesis then MS Analysis

0.5

Hammett Plot

R=N(CH,), R=CH,0 R=H

Ryan ﬁam, C”FIS |5u|||am



Intermediates in MS Synthesis: Hantzsch Reaction

{HO NH; O : NH, 0
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Electrocorrosion/electrospray NP Synthesis

Sprayer

capillary Spray

Au elect\rode

Nanoparticle

HV power su¥ply

Au [1,1,1]

Ag(ACN)J*
100 148 Qf )
. 1505
[§]
5 T 189 [AG(ACN)J*
s 3 191
%0 [Agl z 0o 5 f0 15
B 107/109 < Energy tay)
o 166
0 Il i

60 80 100 120 140 160m&80 200 220 240 260 280 300

Anyin Li, et al, Angew. Chem. in press



Offline & online p-Nitrophenol Catalysis by NP

N, I "
O NaBH, - O
HO HO

—— O min

— 12 min
25 min

—— 27 min
40 min

—— 45 min
50 min
— 120 min

Without AuNP |

140 min
—— 400 min
—— 720 min

0.0
200 300 400 500 600 700 80
Wavelength (nm)
0.4

(c) ——gmn
. 0.3 100 min
Control: protic ' ——120 min
solvent into rxn < 0.2
mixture

0.1

0.0-
200 300 400 500 600 700 800

Wavelength (nm)

15 —— O min
— 1 min
1.2 3 min
— 5min
0 9 — 10 m!n
. |_ __ Zhmn AuNP prep off-line
o511 -
| —— 45mi
0.31 % } — 90 2:2
'l‘_" 120 min

200 300 400 500 600 700 800
0.4 Wavelength (nm)

—— 0 min
—— 13 min

15 min
——— 20 min

24 min
—— 25 min
—— 37 min
—— 45 min
64 min

Au*ionin charged
droplets (10 nA) on
surface rxn mixture

Wavelength (nm)

Nanoparticles prepared offline or online catalyze p-nitrophenol reduction by sodium
borohydride uv-vis spectra of 4-nitrophenol reaction mixture, peak at 400 nm (n2>rc*

transition of p-nitrophenol anion)

Anyin Li, et al, Angew. Chem. in press



Catalytic Activity: Off-line & On-line NP vs. Lit

Catalyst | Capping [size/nm | Auconc 4-NO, NaBH, | Rate Const | k/Au conc Ref
agent (mg/mL) phenol (mM) | k(s?) (mL- sImg1?)
(mv1)
AuNP@F | Oleylami | ~5 1.73E-01 |0.18 7.27 |0.0105 0.061 2011,
e;0, ne Doong
AuNP Citrate |[~10 5.25E-01 (0.22 10.99 [0.00069 |0.001 2011,
AuNP CTAB ~9 5.25E-01 |0.22 10.99 (0.00193 |0.004 Seoudi
Lit. Au nano 50 2.35E-03 | 0.0014 0.42 0.0472 20.1
cage PVP
Au = AraEas—a-anaa ans S e 2010,
nanobox | PvP | Interim conclusion: Xia
Hollow “/PVP | po\erful, simple method
nanobox
au@hm- | Hs-c11] Applic. to nano/energy projects 2010,
ZrO, acid - - - Zhao
Catavst [Cappin Many other materials by adding ligands —
AuNP Agent | Catalytic activity mg?)
off-line o
AuNP CTAB SERS aCtIVIty This
Catalyst | Capping |size/nm |Au 4-NO, NaBH, | App Rate |2k’/Au
agent delivery phenol (mM) | constant | delivery rate
Deposit (mg/mL- | (mM) k' (s2) (mL- sImg?)
in situ )
Au* CTAB N.A. 1.22E-08 |0.024 3.79 8.00E-06 |1309 This
Au* None N.A. 1.11E-08 |0.024 3.60 |8.00E-07 |143.8 This

Anvin Li, et al, Angew. Chem. in press




SERS active patterns




ing toward Janus/alloy particles
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Protein Soft-Landing

Isolation from mixture and subsequent collection of

: I I 1590.2
lon Source. intact proteins 9
v 1:11301.4

Lysozyme

Relative Abundance
o
[==]

Mass
Selection

700 900 100 1300 1500 1700 19

miz

Z. Ouyang, et al. Science 301, 1351 (2003)



Synthesis by Mass Spectrometry

CF3
X 7
P Hg cHg P

Oak Ridge lon Deposition

| 1590.2 Cytochrome 19343
100] +9 K
1431 4
+0
z Lysozyme g
| 17888 & |
| +8 Pt
Protein arrays — pg/hour IR . e

100 1300 1500 1700 1900



Ambient lon Soft Landing

Hao Chen

Nz Transfer
e Coned Tube .

ESSI

[peptide/protein ¢
solution

-2 kV (ion deflector)

Capilla
oy eh é Mass Spec

: reduced
pressure

ambient
corona discharge
lonized neutral fragments

(Chen et. al., J. Am. Chem. Soc. 2007, 129, 5885-5886)

Abraham Badu-Tawiah




Array of Electrospray Emitters for Ambient

lon Soft Landing

Array of emitters

High DC applied to focusing electrode, creating an
electric field that with pneumatics, focuses the ions
into steel capillary. Purple lines and red area

# Represent gas flow and focused ion cloud.

. Simulations of ion trajectories indicate a highly
efficient focusing process.

M‘O"\"l'ing

Experiments confirm high deposition
efficiency {ca. 75%}

(inset) Simulation of ions/charged
droplets motion

SS capillary

Soft landing surface
Zane Baird



MS & lon Optics in Air

dN

Comparison of simulated;péiomo!do!agxli)g n & Ex pt

and expt using Rapid Prototyping Lens and lonCCD
detection

40U

350

300}

250

200}

150

100

50

_50 Il Il Il Il Il Il Il

Distance (mm)

Decreasing voltages
(3.8 kV to 0 V)

103379 mapped
ions
437950 total ions *
flown T
0.2361
transmission |
efficiency i e et

ESSI
| source

lon acceptance region from simulation data
Zane Baird



MS entirely in air?

lon generation: ambient ionization

lon focusing: 3D printed lens systems

Transfer efficiency > 30 %
Spot size 500 p

lon SsePaiauui. puIdTuU VI weati, 10N mOblllty Separation

lonic reaction: ions cross a vapor stream and react

lonic product collection: in amounts up to 300 mg

lon detection: pixelated imaging detector (lonCCD, Ol Analytical)




Summary

Tandem Mass Spectrometry
Quest for speed & simplicity in analyzing complex mixtures

Am(leo(jent Ifl)criliyzgtion

Quest for speed, simp generality in making ions

Mini MS

Small, simple mass spectrometers, used anywhere

Chemical Synt ESiiEs,Ys MS

lon deposition, reaction and synt
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