Design of the CRF-PEPICO a next generation multiplexed spectrometasfimntiiessee
studying gas-phase kinetics of combustion and atmospheric reactions

Postdoc seminar 10/11/2018

Sandia National Laboratoriesis amulti mim‘omboratory managea and opérated by National Technology & Eng_ineeri ng Solutions of Sandia, LLC, awholly owned
subsidiary of Honeywell International Inc., for the U.S. Department of Energy’s National Nuclear Security Administration under contract DE-NA0003525.
L CAI 1I\1 [ INJ\WU IV



Vinyl alcohol




Vinyl alcohol




Vinyl alcohol

HO o

X _-OH . HO\ /OH .- >:o + OH + H—{
. R O~;

Y + OH CH + U ¥ ’

) e Heal o Xt HC



Vinyl alcohol

C Heated Quartz tube

SA\\\




10°

Vinyl alcohol

50

ﬂ —— Residual
40 l
A|

| '.
20— | |
A fi | ” l
0 ‘JMH L M ! !1 L“'\».. ,d J"‘ . ’. . -."d& d J‘Lu‘w{m‘\“l e o
V*r*“ ‘W \l\) 14’ ‘l'l\ ﬂ".'f\‘ ,J'f ‘ 1" 'll||ll| w"

Nl
-20 —

40 "b

-50
u WW&V {’«MWW byt e “’\-\WM A Py mwa’mﬁﬁiﬂlu«” ul‘www-wn— TR T ,ﬁbﬂ!“hw&w
-80 —
| | |
1000 1500 2000 2300 3000 3500
~ 1
V/Crm

Fit = /\OH + CO + /\O + CI/\/OH + CHy; + HCl



lnq([/l())

x1C”

Vinyl alcohol

'‘RT
‘350 0
580 L

25—

S
RRAR




signal / arb. u.
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Multiplexed ionization mass spectrometry
(MPIMS)
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Multiplexed ionization mass spectrometry
(MPIMS)

3 dimensional data set
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Multiplexed ionization mass spectrometry
(MPIMS)

3 dimensional data set
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Photoionization (Pl) Spectrum
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Intensity / arb. u

PIS vs PES
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Photoelectron photoion coincidence

spectroscopy
(PEPICO)
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Delay line anode detector
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lon Optics
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lon Optics
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AE/E = 2AR/R =1.2%
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lon Optics

Quartz Reactor
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Quartz Reactor
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lon Optics

Metal Reactor
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Zimm

AE/E = 13.5%

0 = 60mm, healed reactor, cul plates
Fquipotentialplot for FFO = 130 V/em
10 V separation
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Fauinarentialplot with 20 V resolution
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lon time-of-flight resolution m/Am = 2300 - 3000



Coincidence Detection

electron arrival times

14

1.0 4

0s

6 <

0.4 4

0.8 4

LK

ian arrival 't‘imes

Q.0

T
100

T
ELL

time / us

M)

a0

TOFs: 7.1, 11.5, 156.8, 22.3

10 kHz ionization rate



14

1.2

1.0

08

0.6

04

0.0

14

1.2

1.0

08

06

0.4

0.0

Coincidence

clectron arrival times

Detection

“ ion #Tival timeés %

Lirmee 0

120

TOFs: 7.1, 11.5, 156.8, 22.3

100 kHz ionization rate



.8 4

1.1 4

Coincidence Detection

elactron arrival Fimes

0.8+

.11

v ¥
.

s U

o
Lt
- .
D - * 0y ¢
. " ..
v we .
. e .
-
. . .
v A ‘
e LA
. -
s " )
[} .
- “
. Ya .
- ¢ I, -
. . -
» " . .
b o .
.
-
-,
Ll T
»

b)
bme fus

e

TOFs: 7.1, 11.5, 156.8, 22.3

250 kHz ionization rate



Multi Start Multi Stop (MSMS)

250 kHz ionization rate

40 - 80 us time window e T N

TOFs: 7.1, 11.5, 156.8, 22.3

- \ e, : : : !
0.8 4
0.6
0.1 4
0.2
S.L' T T
bl HQ or



False Coincidence
Rejection (FCR)
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False Coincidence
Rejection (FCR)

1
L N= fraction of TOF

to move to deflector center

TOF = teiec - tion
tdefl = telec + TOF x 1

If calculated ion position does not match
experimental position
-> reject coincidence




MSMS vs FCR

MSMS Total Coincidences
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PEPICO data processing

C'oincidence =



PEPICO data processing

telec

tof
tk‘inetic

hv

Lelec
Yelec

Lion

C'oincidence =

Yion

8 x 64 bit

@ 100 kHz ionization rate -> 6.4 Mb/s = 23.04 Gb/h = 368.64 Gb/16h



PEPICO data processing
[ teec

tof
tkinetic 8 x 64 bit
L hv o
Coincidence = @ 100 kHz ionization rate ->
Lelec 6.4 Mb/s = 23.04 Gb/h =
Yelec 368.64 Gb/16h
Lion

\ Yion

Can we analyze the data on the fly and only keep the results?



PEPICO simulator

Generates PEPICO events randomly from supplied parameters:

= ion TOF, FWHM
- ionization probability
- rate constants
- ionization potentials
- photon energy
Output:
telec tion
Electrons = | Tejec Ions = | Zjon

Yelec Yion



PEPICO simulator

Output:
telec tion
FElectrons = | ZTejec lons = | Tjon
Yelec Yion
# PEPICO CPU GPU (CUDA)
events
1015 710 ms 330 ms
2.5x101N5 1.8s 800 ms
1076 6.7 S 3.28

CPU: Intel Core i7-3610QM @ 2.3 GHz, 8GB RAM
GPU: NVIDIA Quadro K3000M @ 653 MHz, 2 GB GDDR5



PEPICO simulator

FCR vs MSMS:

rep. rate /  # PEPICO FCR MSMS

events Coincidences Coincidences

100 10175 55 ms ~1.02 * 1075 110 ms ~ 571075

250 2.5x10"5 | 230ms @ ~2.66 * 1015 550ms | ~2.75* 1076

1000 1016 1600ms ~1.23*106 6200ms @~ 3.27 * 1077

Real time coincidence analysis with 250 kHz is possible.



PEPICO simulation

Photon energy: 10 - 14 eV, 25 meV steps
100 kHz
TOF: 7.1, 11.5, 15.8, 22.3, 26.7, 28.0 pys
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PEPICO simulation

Flectron detectar signal
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PEPICO simulation

Threshold photoelectron spectra (TPES)
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PEPICO simulation

Two isomers at TOF 15.8 pys with identical ionization probability but different
ionization potentials and rate constants
Coincidences with ion tof = 15.7 - 15.9 us

14 eV photon energy
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PEPICO simulation

Two isomers at TOF 15.8 pys with identical ionization probability but different
ionization potentials and rate constants

>

kinetic tlme> ‘

2D Histogram
Electron pos.

250 loops: ~500 ms



PEPICO simulation

Two isomers at TOF 15.8 pys with identical ionization probability but different
ionization potentials and rate constants

>
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2D Histogram
Electron pos.

- Inverse and Integration

| J\ e MUMZA(WTJLQMUM | PyAbel Basex:~1.5s
DAVIS: <100 ms

250 loops: ~500 ms
DAVIS: J. Chem. Phys. 148, 194101 (2018)



PEPICO simulation
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PEPICO simulation

Kinetic time resolved PES

Intensitv / arb. u.

Intensity / arb. u.

" t/ms



Conclusion

PEPICO enables reaction studies of conformers that are not accessible with MPIMS
PEPICO yields PES which is a better molecular fingerprint than PIS
Real time analysis of 100-250 kHz count rate experiment is possible

Faster count rates should be possible with better computing hardware and code
optimizations

Design of the instrument is finished and manufacturing will start soon
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